4. SITE 534: BLAKE-BAHAMA BASIN!

Shipboard Scientific Party?

HOLE 534

Date occupied: 21-22 October 1980

Position: 28°20.6'N, 75°22.9'W

Water depth (corrected sea level; m, echo-sounding): 4973
Bottom felt (m, drill pipe from rig floor): 4984
Penetration (m, jet test): 87.5

Number of cores: 1

Total length of cored section (m): 2.1

Total core recovered (m): 2.1

Core recovery (7): 100

Oldest sediment cored:
Depth sub-bottom (m): 2.1
Nature: Biogenic calcisiltite
Age: Quaternary

Basement: Not reached

HOLE 534A

Date occupied: 29 October-29 November 1980 and
6 December-19 December 1980

Position: 28°20.6'N, 75°22.9'W

Water depth (sea level; corrected m, echo-sounding): 4971
Bottom felt (m, drill pipe from rig floor): 4976
Penetration (m): 1666.5

Number of cores: 130

Total length of cored section (m): 1130.2

1 Sheridan, R. E., Gradstein, F. M., et al,, Init. Repts. DSDP, 76: Washington (U.S.
Govt. Printing Office).

2 Robert Sheridan (Co-Chief Scientist), Department of Geology, University of Dela-
ware, Newark, Delaware; Felix Gradstein (Co-Chief Scientist), Bedford Institute of Oceanog-
raphy, Geological Survey of Canada, Dartmouth, Nova Scotia, Canada; Leo A, Barnard,
Department of Oceanography, Texas A&M University, College Station, Texas; Deborah M.
Bliefnick, Earth Sciences Department, University of California, Santa Cruz, California;
Daniel Habib, Department of Earth and Environmental Sciences, Queens College, Flushing,
New York; Peter D, Jenden, Institute of Geophysics and Planetary Physics, University of
California, Los Angeles, California; Hideo Kagami, Ocean Research Institute, University of
Tokyo, Nakano, Tokyo, Japan; Everly M. Keenan, Department of Geology, University of
Delaware, Newark, Delaware; John Kostecki, Lamont-Doherty Geological Observatory, Col-
umbia University, Palisades, New York; Keith K\rtmro]den U S Geclumcal Sur\rey. Menlu
Park, California; Michel M , Centre de Recherch U
de Nice, Nice, France; James Ogs Geological Research Di\nsmn, Scripps Institution of
Oceanography, La Jolla, California; Peter H. Roth, Department of Geology and Geophysics,
University of Utah, Salt Lake City, Utah; Thomas Shipley, Deep Sea Drilling Project, Scripps
Institution of Oceanography, La Jolla, California (present address: University of Texas, In-
stitute of Geophysics, Austin, Texas).

LEG 76 EXTENSION: Jay L. Bowdler, Umon 0il Company of California, Houston,
Texas; Pierre H. Cotillon, Dé de Géologie, U ¢ Claude Bernard, Villeur-
banne, France; Robert B. Halley, Branch of Oil and Gas Resources, U.S. Geological Survey,
Denver, Colorado; Hajimu Kinoshita, Department of Geophysics, Chiba University, Chiba,
Japan; James W. Patton, Marathon Oil Company, Littleton, Colorado; Isabella Premoli-
Silva, Istituto di Paleontologia, Universita di Milano, Milano, Italy; Kenneth A. Pisciotto,
Deep Sea Drilling Project, Scripps Institution of Oceanography, La Jolla, California (present
address: Sohio Petroleum Company, San Francisco, California); Margaret M. Testarmata,
Galveston Marine Geophysics Laboratory, University of Texas at Austin, Galveston, Texas;
Richard V. Tyson, Department of Earth Sciences, The Open University, Bucks, United King-
dom; David K. Watkins, Department of Geology, Florida State University, Tallahassee,
Florida.

Total core recovered (m): 629.8
Core recovery (7): 56

Oldest sediment cored:
Depth sub-bottom (m): 1635
Nature: Reddish brown shale
Age: middle Callovian
Measured velocity (km/s): 2.5

Basement:
Depth sub-bottom (m): 1635.0-1666.5
Nature: Basalt
Velocity (km/s): 5.2

Principal results: Continuous coring between 536 and 1666.5 m below
the seafloor yielded a detailed ocean-basement and overlying sedi-
mentary record spanning over 140 m.y. of Atlantic Ocean history.
Callovian through Albian, Cenomanian, Maestrichtian, late Eo-
cene, and early Miocene sediments were recovered. The younger,
unsampled section can be extrapolated from the findings at Site
391. The sedimentary sequence reflects largely continuous, quie-
scent 0.1 cm/10? yr. or less hemipelagic sedimentation mostly be-
tween the calcium carbonate compensation depth (CCD) for fora-
minifers and nannofossils. On this is supperimposed periodic and
much more rapid sedimentation by turbidite, debris flows, or deep
currents of slope and shelf carbonates and carbonaceous clay-
stone. Three-quarters of this sediment (decompacted thickness)
was deposited in the first 50 m.y. after the site appeared on the
mid-ocean ridge. Most of the overlying younger sediment was de-
posited in the Neogene. The results are as follows:

1) Massive debris flows up to 30 m thick in the lower part of
the Miocene Great Abaco Member can be correlated over the 22-
km distance between Sites 391 and 534, attesting to their wide-
spread nature. Multiple sources in shallow water and deep bathyal
areas supplied the transported material, which disrupted the in-
digenous basinal hemipelagic clay sediments and incorporated the
clasts in this lower Miocene deposit.

2) The upper Eocene cherts and porcellanites of the Bermuda
Rise Formation (27 m thick) discovered at Site 534 indicate that
Oligocene erosion in the Blake-Bahama Basin did not totally re-
move the Paleogene sediments. The remnants of these slowly de-
posited sediments indicate that a long period of slow deposition in
the Paleogene resulted in only a thin deposit of sediments. This in-
formation contradicts previous conclusions, based on vitrinite re-
flectance of the Cretaceous black shale of Site 391, that 800 m of
post-Cenomanian to pre-Miocene sediments were eroded. The pres-
ence of chert indicates that seismic Horizon A® is merged with the
Horizon A" as a single wavelet in the Blake-Bahama Basin.

3) Continuous coring of the shales of the Maestrichtian Plan-
tagenet Formation and the Cenomanian-Barremian Hatteras For-
mation (186 m thick) reveals the slow accumulation (<1 cm/1000
yr.) of clay mineral and organic matter in depths beneath the
CCD. Green clays alternating with black shale in the carbonaceous
parts of the Hatteras Formation suggest low-oxygen to anoxic con-
ditions, which were brought about when the poorly ventilated
ocean basin was overwhelmed with organic matter. Peaks in or-
ganic matter concentrations are found in the lower Aptian, (?)mid-
dle Aptian-lower Albian, middle Albian, and Cenomanian. The
variegated claystones of the Maestrichtian Plantagenet Formation
are interpreted as having resulted from the basin-wide oxygenation
in the presence of sluggish bottom-water currents. Similar varie-
gated claystone, this time with winnowed silt beds, in the middle of
the Hatteras Formation is attributed to another previous oxygena-
tion under the influence of improved bottom circulation. A weak
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reflector is associated with this older variegated claystone and is
called 8, which might be an unconformity caused by the oxyge-
nating currents.

4) Continuous coring of the Berriasian to Barremian Blake-
Bahama Formation (392 m thick) indicates sedimentation of alter-
nating turbiditic (detrital to organoclastic) and pelagic biogenic
deposits well above the CCD. The organic shale and terrigenous
quartz-rich sands and silts derived from the land occur in greater
quantities in the Blake-Bahama Formation at Site 534 than at Site
391, indicating a lateral facies transition from clastic- to limestone-
dominated sedimentation. Seismic Horizon 3 is correlated with the
Barremian turbiditic limestone near the top of the Blake-Bahama
Formation, and another prominent reflector called C’ is corre-
lated with the Berriasian limestones at the bottom of the Forma-
tion.

5) Continuous coring of the Cat Gap Formation (153 m thick)
indicates deposition of red calcareous claystones and transported
limestones in an environment near the CCD and ACD (aragonite
compensation depth). Relatively detailed biostratigraphy using
nannofossils, foraminifers, and calpionellids shows the Cretace-
ous/Jurassic boundary to be at the top of the Cat Gap Formation.
The top of the red shaly limestones of the Cat Gap correlates with
seismic Horizon C. Another possible unconformity in the Kimmer-
idgian separates the red shales of the Cat Gap from the lower,
limestone-rich subunit of the same formation. This unconformity
is seismic reflector D',

6) Continuous coring of the oldest sediments (140 m thick),
deposited in the Callovian and Oxfordian, reveals a stratigraphic
transition from an organic, phosphatic dark red and green and
black Callovian shale to a siliceous radiolarian-rich, green black
silty claystone mixed with displaced Oxfordian turbiditic slope
limestones. The oldest sedimentary unit reflects above-average or-
ganic input; bottom water may have been depleted in oxygen con-
centration at the sediment/water interface. Evidence for at least
some deep circulation comes from current ripple laminations,
phosphatic lag gravels, and winnowed lenticular beds; seismic evi-
dence at Site 534 indicates the existence of current-deposited bed
forms below Horizon D. Horizon D itself is correlated with the
lower Oxfordian turbiditic limestones.

T) Fractured oceanic basalt (31.5 m thick) with several 1 to
5-cm-thin silicified red limestone beds was recovered from below a
strong clear basement reflector that agrees with the sharp contact
observed in the base of Core 127. Well-cemented basalt breccia
zones and well-developed mineral veins attest to the long period of
diagenesis that this oldest basement rock has undergone. These
factors prove that a normal oceanic crust exists under the outer
(Jurassic) magnetic quiet zone.

8) Dating the sediments just above oceanic basement at Marine
Magnetic Anomaly M-28 as middle Callovian yields a spreading
rate of approximately 3.8 cm/yr. for the Blake-Bahama Basin be-
tween the Blake Spur Anomaly and M-22, This constant spreading
rate agrees reasonably with the paleomagnetic dating of Anomalies
M-22 and M-25 by Ogg (1980). Thus an age of latest Oxfordian for
M-25 (143 m.y. old) is established—2 to 6 m.y. younger than
previous estimates. Projecting this relatively high spreading rate
yields an age of early Callovian (+155 m.y.) for the Blake Spur
Magnetic Anomaly, which is 20 m.y. younger than previously
thought. Therefore, the major spreading-center jump associated
with the Blake Spur Anomaly and the opening of the modern
North Atlantic are judged to have occurred much more recently
than previously projected.

BACKGROUND AND OBJECTIVES

Blake-Bahama Basin

The continental edge of eastern North America is the
passive margin with the oldest geological history avail-
able in the modern oceans. Rifting and seafloor spread-
ing between the North American and African continents
began in the late Triassic to Early Jurassic. A possible
spreading-center jump and reorganization in spreading
at the time of the Blake Spur Magnetic Anomaly (?Bath-
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onian) left some of the oldest crust on the western mar-
gin of the North Atlantic (Vogt et al., 1971; Klitgord
and Behrendt, 1979; Sheridan, 1978) (Fig. 1). The
spreading-center jump isolated a portion of the most an-
cient Atlantic Ocean crust between the East Coast and
Blake Spur anomalies off the United States. Only in the
westernmost Pacific may similarly old ocean basement
and sediment be present, but not within easy reach of the
drill. Penetration and sampling of such old ocean crust
and the immediately overlying pelagic sedimentary cover,
consisting of Middle Jurassic and younger strata, has
long been a key objective in oceanographic research. This
objective was accomplished at Site 534 (Fig. 2).

Jurassic Paleogeography and Paleoenvironment

The Middle Jurassic central North Atlantic Ocean was
still much constricted and certainly did not measure more
than a few hundred kilometers across (e.g., Sclater et al.,
1977; 1980). Initially it was an elongate, narrow, embay-
mentlike extension of western Tethys, the major seaway
through southern Europe and South Asia. Tethys linked
through the Norwegian Sea-Arctic Ocean and through
South Asia with the Jurassic Pacific (Fig. 3).

Just when in the Jurassic a westward equatorial con-
nection became established between Tethys through the
incipient North Atlantic ‘‘embayment’’ extending across
Central America and into the Pacific is not well known.
There are marine epicontinental Middle and Upper Ju-
rassic deposits in Cuba and particularly in Mexico
(Barr, 1974; Maldonado-Kourdell, 1956), and Upper
Jurassic marine oceanic sediments in the Gulf of Mex-
ico. Some authors (Hallam, 1975; Westermann, 1977; in
press, and personal communication, 1981) use general-
ized paleogeography or intricate biota dispersal to de-
fend such a Middle Jurassic connection. Others (see
Ager, 1975; Thiede, 1979) do not show a Jurassic west-
ern equatorial ocean passage until well into the Late Ju-
rassic.

Although the Jurassic was a time of relatively warm,
equable climate with weak thermal gradients in the
ocean (the results of a warm climate, large epicontinen-
tal seas, low relief, marine polar regions, and close pack-
ing of continents along the N-S line), a sluggish ocean
circulation may have existed. The establishment of a
global surface circulation pathway in the equatorial belt
may have created different ocean environments and en-
hanced opportunities for ocean micro- and macrobiota
dispersal. In this context it is tempting to speculate that
the advent of true planktonic foraminifers in the earliest
part of the Middle Jurassic is related to such an oceano-
graphic event. Arguments against this relation are that
these calcareous microfossils (and many others) are a
minor biomass in Jurassic oceans and, unlike modern
ones, are relatively ‘‘shelf”’ bound. The poorly known
dispersal of this group in the Jurassic to Early Creta-
ceous may be independent of ocean pathways.

It is unlikely that vigorous and widespread deep-water
flow existed in the North Atlantic before the opening of
the South Atlantic in the mid-Cretaceous. Nevertheless,
indications of Jurassic contour-following currents can
be interpretated from the appearance of basal Middle
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Figure 1. Reconstruction of the North Atlantic at the time of the Blake Spur Anomaly (after Klitgord and Schouten, 1977). (Locations of
the major Mesozoic sediment-filled basins are indicated for the African and North American margins (from Klitgord and Behrendt,

1979).

Jurassic sediments on high-quality seismic reflector pro-
files near Site 534 (Sheridan et al., this volume). More
evidence comes from a study of the sediments drilled at
Site 534. In this respect, direct paleobathymetric infor-
mation can be derived from the backtracking and strip-
ping technique shown in Figure 4. The paleobathymetric
track is the one at nearby Site 391 corrected for thermal
cooling, sediment compaction and loading, and isostatic
rebound. The superimposed levels of the CCD follow
from the known and estimated stratigraphic position of

the carbonate-shale units. At least two major cycles ex-
isted (Fig. 4), with a possible third upward excursion of
the CCD in the Late Jurassic.

Jurassic Marine Biostratigraphy

Jurassic marine biostratigraphy is founded on the di-
versified and rapidly evolving ammonite macrofossil
record, which is generally tied to stratotypes (Fig. 5).
Standard zonations are in existence for the shallow ma-
rine Tethyan and boreal realms (Mouterde et al., 1971;
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Figure 2. Locations of Sites 533 and 534 relative to previous DSDP sites and general physiography.

Hallam, 1975). Locally, marine bivalves (e.g., Buchia),
pelagic crinoids, and algae have proven to be zonally
useful.

Jurassic microfossil biostratigraphy, as applicable to
the North American Basin, is far from standardized, an
exception being the calpionellid zonation for Jurassic/
Cretaceous boundary beds (Alleman et al., 1971; Re-
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mane, 1978). Jurassic stratigraphies based on nannofos-
sils (Barnard and Hay, 1974; Hamilton, 1979), plank-
tonic and benthic foraminifers (Gradstein, 1976; 1978b),
ostracodes (Oertli, 1963; Ascoli, 1976), and dinoflagel-
lates (e.g., Bujak and Williams, 1977) are essentially
local zonations. These zonations apply to a particular
epicontinental basin, marginal to the incipient Atlantic.
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Figure 3. Late Jurassic paleogeography and surface circulation, after Ager (1975). (According to G. Westerman [personal communication, 1981 and
in press] the same scenario existed in the Middle Jurassic.)
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Figure 4. Geohistory plot of Site 391 constructed prior to drilling at Site 534. (Superimposed CCD curve is
after Jansa et al. [1979]. Figure is corrected for thermal cooling, sediment loading, isostatic rebound,
and sediment compaction, assuming 800 m of erosion in the Oligocene [Dow, 1978].)
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Stratigraphic resolution is generally at the stage level
(there are 11 Jurassic stages covering a 55-m.y. period).
Biostratigraphic interrelation and chronostratigraphic
precision are ill understood. This situation is even more
characteristic of the Jurassic zonations in oceanic sedi-
ments; it is probably a true statement that no such zo-
nation(s) exist, although a middle part of the Late Ju-
rassic radiolarian zonation for southern Europe (Tethys)
(Baumgartner et al., 1980) may well be applicable to the
Atlantic region.

Aptychi, planktonic crinoids, smaller benthic fora-
minifers, nannofossils, small ostracodes, and palyno-
morphs were used to date the Late Jurassic deposits of
three Leg 11 sites in the North American Basin (see stud-
ies by Renz, Hess, Luterbacher, Wilcoxon, Oertli, and
Habib in Hollister, Ewing, et al., 1972). Biomass and
taxonomic diversity is relatively low.

For some of these groups of fossils, there is good
affinity with southern European-Tethys facies. Strati-
graphic resolution is less than in the epicontinental rec-
ord, and several age discrepancies remain to be solved.

At Site 534, the continuous coring of Middle and Up-
per Jurassic rocks considerably extends the deep-sea rec-
ord. The site provides an excellent opportunity for basic
biostratigraphic studies applicable to further explorations
of the deep sea and the continental slopes.

Stratigraphic Relationships

Oceanographic events and geomagnetic and biostrati-
graphic scales and zonation are not well established for
the Jurassic Atlantic Ocean. Better integration and cali-
bration of geologic information (s.1.) has been achieved
for the Early Cretaceous. Figure 5 (back pocket) brings
together biostratigraphic, tectonic, and oceanographic
information deemed relevant to drilling at Site 534. This
multiple stratigraphic account summarizes the *‘state of
the art’’ and provides a prognosis for the evaluation of
the Site 534 Mesozoic data. The lithostratigraphic in-
formation for the oceanic Cat Gap, Blake-Bahama, and
Hatteras formations comes from Benson, Sheridan, et
al. (1978) and Jansa et al. (1979). The time-scale concept
is from van Hinte (1976a, b). The magnetostratigraphy
scales are discussed separately in this report (see the
Time Scale and Magnetostratigraphy section). The pale-
ontological zonations and events summaries come from
recent literature and from compilations by participants
in Leg 76 studies. The nannofossil biostratigraphy for
the Cretaceous comes from Roth (1978). Documentation
of ranges of Jurassic nannofossils is still inadequate for
a zonation; first and last occurrence levels will be used
for age assignments and are largely based on studies by
Rood et al. (1971), Rood and Barnard (1972), Barnard
and Hay (1974), Thierstein (1976), Wind (1978), and
Medd (1979).

In Figure 5 we present the calpionellid zonation for
Tethyan, open marine, carbonate sediments (Remane,
1978). This zonation, which has been applied to Atlan-
tic Deep Sea Drilling sites (e.g., Legs 11, 50), may be ex-
pected to help considerably in providing a chronostra-
tigraphy for Tithonian-Valanginian strata. The sedi-
ment magnetic reversal scale after Ogg (1980) is calibrat-
ed with the calpionellid zones as listed. Also, the disap-
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pearance of the foraminifers Epistomina uhligi and E.
stellicostata on the Grand Banks is in one of the sub-
zones of calpionellid Zone B (Jansa et al., 1980).

Middle and Late Jurassic biostratigraphic ranges and
“‘datums’’ of foraminifers are based on information
from Lutze (1960), Simon and Bartenstein (1962), Espi-
talié and Sigal (1963), Pazdro (1969), Wernli and Sept-
fontaine (1971), Ohm (1967), Ruget (1973), Bielecka
and Geroch (1974), Gradstein (1976 and unpublished
data), and Jansa et al. (1980). The Early Cretaceous fo-
raminiferal biostratigraphy, which, because of the plank-
tonic foraminiferal record, has been more firmly estab-
lished than the Jurassic one, is based on studies by Bar-
tenstein et al. (1957, 1966, 1973), Moullade (1966,
1974, 1980), compilations by Sigal (1977) and van Hinte
(1976b), and regional studies in the western North At-
lantic by Luterbacher (1972) and Gradstein (1978a).

The taxa listed in the Jurassic part of the foraminif-
eral column have been selected from among many other
forms for conspicuous morphology and known presence
in circum-Atlantic marginal basins, notably Portugal,
Morocco, and The Grand Banks. Exclusively shallow
neritic taxa, including several excellent index forms
among the larger foraminifers, have been omitted from
the figure. The Early Jurassic taxa that may be en-
countered in a deep basin are Marginulina prima s.1.,
Lingulina tenera s.l., Brizalina liassica, Frondicularia
terquemi, Nodosaria regularis, and Lenticulina d’orbig-
nyi. The appearance of Jurassic globigerinids, Garantel-
la spp. (except G. rudia), Lenticulina tricarinella, L.
quenstedti, and Epistomina mosquensis, and the disap-
pearance of Reinholdella crebra and Epistomina regu-
laris is of use in Middle Jurassic stratigraphy. The pres-
ence of Gaudryina heersumensis, the disappearance of
Lenticulina quenstedti, Epistomina uhligi, and E. stel-
licostata can be used to broadly subdivide Upper Juras-
sic strata.

A special case is the presence and disappearance of
the Jurassic globigerinids. Jurassic globigerinids, rep-
resented by a dozen form species, first appear in the Ba-
jocian. This group of tiny planktonic forms extends
stratigraphically upward into Oxfordian or Kimmer-
idgian beds. Occurrences are on the Grand Banks, in
Portugal, the French circum-Mediterranean area, cen-
tral Europe, and southern U.S.S.R.

In the Atlantic realm there is no record of globiger-
inids in upper Tithonian through Valanginian strata.
The reappearance of these globigerinids is in the form of
Caucasella hotervica, a Hauterivian through basal Ap-
tian marker. The latter, like the Jurassic globigerinids,
has largely been recorded in neritic deposits with rare
deeper marine incursions.

The taxa listed in the Cretaceous part of the column
devoted to foraminifers also represent a selection of
mostly planktonic species, the biostratigraphic value of
which is well known and calibrated in the Tethyan realm
and its margins (Mesogea); these species have been rec-
orded on the previous western North Atlantic DSDP
Legs (e.g., 4, 11, 44).

As we have already stated, valuable and detailed fo-
raminiferal zonations are presently available for the Cre-
taceous and, particularly, the Lower Cretaceous, but in-



stead of repeating them in Figure 5, a choice has been
made to include only the most important biostratigraph-
ic events (FADs, LADs, extension of some conspicuous
species).

In the Neocomian (Berriasian to Hauterivian), plank-
tonic foraminifers were practically not yet represented,
with the exception of Caucaselia; and only small benthic
foraminifers are used for zonations and biostratigraphic
correlations. There was in fact an important accelera-
tion of the speciation rate among benthic foraminifers
in the middle part of the Valanginian (Moullade, 1980),
the result of which was to enrich progressively the poor
lower Neocomian assemblages inherited from the Juras-
sic. This phenomenon is well evidenced in the Mesogean
realm but probably for ecological reasons is not clearly
depicted in the western North Atlantic.

In this domain several biostratigraphic events, well
calibrated with the chronostratigraphic scale, are never-
theless of use, like FAD of certain species of nodosarids
(Lenticula nodosa, which appears close to the Berria-
sian/Valanginian boundary), L. busnardoi, lituolids (Do-
rothia praehauteriviana), and the first osangulariids
(Gavelinella sigmoicosta).

In the uppermost Hauterivian a noticeable event is
represented by the first appearance of small hedbergel-
lids, as Hedbergella sigali and H, infracretaca group,
which corresponds to the beginning of an uninterrupted
period of development of Cretaceous planktonic fora-
minifers. In the Mesogean and Atlantic realms, this pe-
riod is delineated by the successive appearances of
short-ranged species, as Blowiella blowi, Schackoina
cabri, Globigerinelloides ferreolensis, G. algerianus,
Hedbergella trocoidea (Aptian), Ticinella primula, T.
praeticinencis, T. breggiensis, Planomalina buxtorfi,
Rotalipora appenninica (Albian, incl. Vraconian), and
Rotalipora brotzeni (Cenomanian). For example, in the
Tethyan realm the interval that comprises the Aptian
and Albian stages can be subdivided into 14 zones, based
on the FAD of index planktonic forms.

In the DSDP samples, where planktonic foraminifers
happen to be rather often dissolved, use of benthic
forms can be helpful. In the upper Lower Cretaceous
Gavelinella barremiana (appearing in the upper lower
Barremian) and Pleurostomella spp. (appearing in the
uppermost Aptian), among others, can be used bio-
stratigraphically.

The Lower Cretaceous dinoflagellate biostratigraphy
is the one developed by D. Habib for the western North
Atlantic (Habib, 1978); the ‘‘state of the art’’ in Jurassic
sediments is explained in detail by Habib and Drugg
(this volume).

Recently a radiolarian zonation of the middle part of
the Upper Jurassic has been published for southern
Europe (Tethys) (Baumgartner et al., 1980) that may
well be applicable to the Atlantic Ocean region. The
zonation makes use of the concurrent range zone con-
cept of ‘“‘unitary associations,’ as formulated statistic-
ally by J. Guex and E. Davaud (1982). Figure 5 presents
the seccession of radiolarian zones (Al-E12) and their
approximate chronostratigraphic assignments.

SITE 534

Mid-Cretaceous and Neocomian Cycles

The discovery of widespread ‘‘black’’ shale facies in
the Atlantic has been one of the major discoveries of the
Deep Sea Drilling Project (Arthur, 1979). The mid-Cre-
taceous was a time of equable climates and most prob-
ably a climatic optimum, after which the Earth cooled
quite drastically. Sedimentation patterns in the Creta-
ceous show a dramatic shallowing of the calcium car-
bonate compensation depth by over 1 km during the
mid-Cretaceous (Fig. 4). Organic carbon was preserved
in concentrations greater than before or after that time
period. Cyclic sedimentation was very widespread dur-
ing the mid-Cretaceous, both along continental margins
and in oceanic settings far removed from any sources of
detrital input. Strong east-west gradients in nanno-
plankton distributions and in the source of the organic
matter have been demonstrated (Roth and Bowdler,
1979; Tissot et al., 1979). The cyclical nature of nan-
noplankton assemblages and light stable isotopes in
cores from the Tethys strongly indicate cyclic changes in
paleoceanographic and paleoclimatological parameters.
The periodicity of such cycles seems to be on the order
of 104 to 10° yr. Biostratigraphic resolution is on the
order of 5 x 106 yr. (i.e., one to two orders of magni-
tude less than the period of the observed cycles). Thus a
continuous and high-resolution section is essential for a
study of the mid-Cretaceous cycles. Such continuous
sections have been recovered in the eastern Atlantic. But
at none of the sites in the western Atlantic had a suf-
ficiently continuous section been recovered that would
be adequate for a study of ‘‘black’ shale cycles. The
following questions need to be answered before we can
fully understand the ‘‘mid-Cretaceous event’”:

1) Why did the CCD become so much shallower in
the mid-Cretaceous, leading to a transition from pelagic
carbonates to marls and shales around the Barremian
(Fig. 4)?

2) What caused the cyclic sedimentation—cyclic
changes in detrital input, carbonate dissolution, or sur-
face water productivity?

3) Are the cycles in the eastern and western Atlantic
synchronous and thus caused by ocean-wide rather than
local effects?

4) Where was the boundary between oxic and anoxic
conditions with respect to the sediment/water interface?

A combination of sedimentological, micropaleonto-
logical (foraminifers, nannofossils, palynomorphs), and
geochemical analyses (organic geochemistry, light stable
isotopes) should result in a better understanding of mid-
Cretaceous cycles and the underlying causes of the
oceanography and climate of the mid-Cretaceous, the
last climatic optimum before the decline of global sur-
face temperatures. Therefore one of the objectives at
site 534 was to recover a complete section of mid-Creta-
ceous and Neocomian sediments that would provide
adequate material for sedimentological, geochemical,
and micropaleontological studies in order to answer
these fundamental paleoceanographic and paleoclima-
tological questions.
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SITE 534

Seismostratigraphy

During the last five years over 20,000 km of new
multichannel seismic reflection profiles have been col-
lected by various institutions along the eastern North
American margin. Most of these data continue from the
oceanic section of the lower continental rise to the con-
tinental shelf to give a good picture of the North Ameri-
can margin structure and stratigraphy. The survey of
the Robert Conrad near Site 534 is an example of such
continental margin data (Fig. 6). The new seismic data
have led to the mapping over a wide area of three major
pre-3 seismic horizons. Of these only C has been dated
(at Site 391) and probably is of the Late Jurassic (Fig. 7)
(Bryan et al., 1980). It was hoped that the deepest reflec-
tor seen in the Blake-Bahama Basin, called Horizon D
(Bryan et al., 1980; Fig. 7), would be penetrated at Site
534. Horizon D was expected to correlate with Horizon
J, to the north (Klitgord and Grow, 1980); thus an im-
portant stratigraphic tie could be established. Another
seismic horizon that needs better dating is AY, between
the Cretaceous (Cenomanian) claystone and lower Mio-
cene debris flow. Horizon AY reflects the tremendous
erosion that took place between the late Eocene and ear-

ly Miocene (Tucholke and Mountain, 1979) and may be
the expression of multiple oceanographic events of re-
gional and ocean-wide significance.

For better correlation of these very significant reflec-
tors, Site 534 was logged as thoroughly as possible.
Velocity and density logs were used to calculate syn-
thetic seismograms for precise correlations of the seis-
mic reflectors at the site.

Time Scale and Magnetostratigraphy

The accuracy of time scales is critical to the de-
velopment of models dealing with the correlation, suc-
cession, and rate of change of oceanographic and geo-
logic events. The Jurassic time scale is an order of mag-
nitude less detailed than that for the Cretaceous and
particularly for the Cenozoic. For reference the com-
monly used Jurassic scale compiled by van Hinte (1976b)
is reproduced in Figure 5. This scale largely makes use
of the equal duration of stages and equal duration of
ammonite zones with few, broadly spaced, and some-
what tentative radiometric control points. Even with its
uncertainties (which might be on the order of 10%), the
van Hinte (1976b) time scale was chosen for studies of
Leg 76 data. One of the best ways of improving any time

25° .

1 1
81° 80° 79° 78

75" i 72"

Figure 6. Location of seismic reflection profiles at Site 534 (solid track lines) and magnetic profiles (dotted lines) (after Bryan et al., 1980).
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depth is 4970 m at Site 534 and 4965 m at Site 391 [after Bryan et al., 1980]. Note that the drilling at Site 534 and reexamination of the profiles

have changed this correlation of Horizon C [after Bryan et al., 1980].)

scale is to provide close ties between such variables as
biostratigraphy, magnetostratigraphy, and geochronol-
ogy. In the case of the Jurassic, there is little informa-
tion on this relation below reversal M-25 at the base of
the Keathley Sequence. Site 534 offered an excellent op-
portunity to study the sedimentary and magnetic polari-
ty record between Anomaly M-26 and the Blake Spur
Anomaly in the Jurassic magnetic quiet zone and its ties
to the stratigraphic record (Figs. 8 and 9).

The selection of a magnetic time scale to be used as a
working hypothesis on Leg 76 was a difficult matter in
that the most recently published scales for the Keathley
Sequence (Cande et al., 1978; Vogt and Einwich, 1979)
were in need of revision, The basic data source for the
relative lengths of the polarity zones older than M-25
was from the Cande et al. (1978) scale of marine mag-
netic anomalies that are well mapped in the Pacific
where the spreading rates are high (4.7 cm/yr.). How-
ever, Cande et al. (1978) use the London time scale, so
these magnetic reversals had to be recalculated accord-
ing to the van Hinte (1976b) scale, which was accom-
plished by assuming a constant ratio between the Lon-
don and van Hinte scale for the anomalies older than
M-25. Once converted, these older reversals were added
to the table of Vogt and Einwich (1979) for a complete
Keathley Sequence fitted to the van Hinte (1976b) time
scale (Table 1).

More recently than the Vogt and Einwich (1979) re-
vision, there have been two paleomagnetic studies of the
Cretaceous and Jurassic parts of the section in southern
Europe (Lowrie et al., 1980; Ogg, 1980). These newest
biostratigraphic calibrations require recalculation of the
marine magnetic anomaly time scales of Vogt and Ein-
wich (1979) and Cande et al. (1978).

We recalculated the marine magnetic anomaly time
scale by accepting the ages of M-O (basal Aptian) and
M-17 (basal Berriasian) of Lowrie et al. (1980) and Ogg
(1980), respectively. These control dates implied that the
length of the sequences in between must be compressed
by a constant factor of 0.82, This ratio was applied to
the intervals published on the Vogt and Einwich (1979)
magnetic polarity time scale between M-O and M-17.

We also revised the magnetic polarity time scale be-
low M-17 by accepting the biostratigraphic correlations
of Ogg (1981) and Ogg et al. (1981) for M-17 (basal Ber-
riasian) through M-25 (latest Oxfordian). The M-26 of
Bryan et al, (1980) that we refer to here corresponds to
M-26 through M-29 of Cande et al. (1978). These were
converted to absolute ages by using the van Hinte
(1976b) time scale. The resulting duration of the anoma-
ly sequence can be closely approximated by compressing
the Vogt and Einwich (1979) scale, as modified by the
addition of M-26 derived from the data of Cande et al.
(1978), by a factor of 0.70. This compression ratio of
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Figure 8. Magnetic anomalies of the outer magnetic quiet zone and calculation of spreading rates (after Bryan et al., 1980; Vogt and Einwich, 1979;

and Ogg, 1980).

0.70 yielded the ages for anomalies shown in Table 1
and illustrated on Figure 5.

For anomalies older than M-26, namely M-27, M-28,
and the Blake Spur anomalies (Bryan et al., 1980), two
different ages can be assigned. In one technique, con-
stant spreading rates for these mapped marine anoma-
lies are assumed; by measuring the distance from M-26
to the anomaly, one may calculate its age. This tech-
nique has been used to derive the ages of M-27, M-28,
and the Blake Spur anomalies in Table 1. However, an
alternate set of ages for M-27, M-28, and the Blake Spur
anomalies can be estimated by applying a constant sedi-
mentation rate to the undrilled sediment above seismic
basement at Hole 391C, located over Anomaly M-28.
Bryan et al. (1980) have done so to predict an age of 160
m.y. for the basement at M-28, and an age of 156 m.y.
for Horizon D, which pinches out against the younger
M-27 reversal. With M-27 and M-28 thus dated, the age
of the Blake Spur Anomaly can be extrapolated. Ac-
cordingly, these alternate ages for M-27, M-28, and the
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Blake Spur anomalies are also included in Table 1 and il-
lustrated on Figure 5.

Tectonic Implications

The age determined for Horizon D will provide a bet-
ter estimation of the age of the Blake Spur Anomaly and
the Blake Spur spreading-center jump. This is because
the spreading-center jump seems to have created a base-
ment escarpment and ridge structure, which is coin-
cident with the Blake Spur Anomaly for a large part of
the western North Atlantic Ocean (Fig. 10) (Sheridan et
al., this volume; Sheridan et al., 1979; Klitgord and
Grow, 1980). All along the Blake Spur Ridge Horizons
D and J, lap against it from the northwest, and only in a
few places, such as at Site 534, does the sediment below
Horizons D and J, fill pockets in the shallow relief of
the oceanic crust just seaward of the Blake Spur Mag-
netic Anomaly. After examining all the available seismic
data on the U.S. Atlantic margin, there is no target,
other than Site 534, where Horizon D is accessible, cer-
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G across the Blake-Bahama Basin (locations shown in Fig. 6). (The
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linear trend have been removed. Mesozoic Magnetic Anomaly M-25,
tentatively identified Mesozoic Anomalies M-26-M-28, and the
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tainly not on the Blake Spur Anomaly itself or landward
of the associated basement ridge.

With Horizon D more precisely dated, the plate re-
constructions at this Anomaly (Fig. 1) can be timed
more carefully. Also, events such as breakup unconfor-
mities associated with the Blake Spur rift will be possi-
ble to identify on the surrounding coastal plains and
shelves of the North Atlantic.

The age of the Blake Spur Anomaly can be guessed
by extrapolating spreading rates determined in the Keath-
ley (M-0-M-25) Sequence (Vogt and Einwich, 1979), by

Table 1. Revised magnetic time scale.

SITE 534

End of Beginning of
reversed interval reversed interval Magnetic
(Ma) (Ma) anomaly
112.04
112.20 114.86 M-0
115.38 117.67 M-1
117.99 118.67 M-3
120.09 120.90 M-5
121.34 121.46 M-6
121.54 121.67 M-7
122.00 122.27 M-8
122.46 122.70 M-9
123.08 123.38 M-10
123.65 124.03
124.07 124.33
124.35 124.60 M-10 N
124.81 125.47
125.84 125.88 M-11
125.18 126.76
126.85 127.10 M-12
127.70 127.77
127.93 128.20
128.29 128.59 M-13
128.94 129.16 M-14
129.82 130.35 M-15
130.76 132.22 M-16
132.82 133.18 M-17
134.54 134.99 M-18
135.31 135.40
135.47 136.25 M-19
136.60 136.75
136.89 137.40 M-20
138.05 138.90 M-21
139.26 140.46
140.50 140.85
141.27 141.34 M-22
141.98 142.09
142.23 142.51
142.72 142.75 M-23
143.77 143.80 M-24
143.95 144.04
144.25 144.52
144.65 144.87 M-25
145,07 145.19
145.24 145.32
145.38 145.49
145.57 145.65
145.71 145.77
145.83 145.89
145.93 145.08 M-Zﬁ:
146.20 146.36 M-27
146.48 146.70 Maga [ M-26°
146.86 147.58 M-293
147.99 148.94 M-27P
149.54 150.98 M-27P
151.44 152.99 M-28b
153.47 154.90
155.58 155.98 Blake Spur
Alternate ages for oldest reversals?
154.47 M-27
155-32 157.38 M-27
158.04 160.25 M-28
160.93 162.97
163.65 164.50 Blake Spur

Note: N = normal.
2 Cande et al. (1978).
Bryan et al. (1980).
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Figure 10. Interpretation of seismic reflection profile across the Blake Escarpment and Blake Spur base-

ment ridge (from Sheridan et al., 1979).

extrapolating sedimentation rates at Site 391 and dating
Anomalies M-28 and M-27 (Bryan et al., 1980), or by
dating the actual M-anomaly reversals in the strati-
graphic record and extrapolating to the Blake Spur
(Ogg, 1980) (Fig. 8). These extrapolations based on re-
cent publications illustrate the range of our ignor-
ance—from approximately 153 to 173 Ma (Callovian to
Aalenian). The Jurassic biostratigraphic zonations are
precise enough to be used to determine the most prob-
able ages of the Blake Spur Anomaly and also M-28. As
noted earlier, this resolution will have great implications
for the stratigraphy and plate tectonic reconstructions
of North America.

Another more far-reaching implication of dating the
M-28 and Blake Spur anomalies is the determination of
the correct spreading rate for the Jurassic magnetic
quiet zone. Based on recently published ages of the
M-sequence magnetic anomalies (Fig. 8), calculated
spreading rates for the magnetic quiet zone vary from
1.5 em/yr. to 3.8 cm/yr. These great differences can be
resolved by drilling into the basement on M-28 at Site
534.

Several lines of evidence suggest that the Late Juras-
sic spreading rates should have been as high as the rates
during the mid-Cretaceous. There apparently was a
eustatic rise in sea level during the Late Jurassic, which
can be attributed to worldwide increases in spreading
rate at about that time (Vail et al., 1977). Also, thereisa
smoother oceanic basement under the Jurassic quiet
zone, as opposed to that under the Keathley Sequence.
Smoother basement is generally associated with rapid
spreading, such as in the Pacific Ocean today.
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If the Jurassic magnetic quiet zone was formed dur-
ing times of high spreading rates, just as the Cretaceous
quiet zone was formed in times of global high spreading
rates, a very significant link is suggested between the
plate driving processes acting in the upper mantle and
the magnetic field processes acting at the core/mantle
boundary. Such a link has been proposed by Vogt
(1975). If this link exists, it indicates that surface tec-
tonics and movements might have been controlled by
the processes in the very core of the Earth. An objective
of the drilling at Site 534 was to discover stratigraphic
evidence to elucidate such hypotheses.

Site 534: Location and Prognosis

The unusual physiographic and structural position of
the Blake-Bahama Basin (Fig. 2) provides a window to
drill through the Cenozoic, Cretaceous, and Jurassic
ocean sediments. Although to the north of the Basin
there is a massive continental rise with several kilome-
ters of sediments, seismic observations indicate that the
Basin only contains 1700 to 2500 m (?) of strata (Dillon
et al., 1976; Sheridan, Pastouret, et al., 1978; Bryan et
al., 1980). Water depth is at 5 km, making it congruent
with a deep abyssal plain. The Basin apparently had
been sediment starved and eroded in the early Tertiary
(?0ligocene) (Benson et al., 1978; Sheridan, Enos, et
al., 1978; Jansa et al., 1979).

Because of its favorable geological situation, Blake-
Bahama Basin drilling was the first priority during Leg
44 of the Deep Sea Drilling Project in 1975 (Benson et
al., 1978). But malfunctioning of the reentry cones to
change drill bits only allowed a single-bit attempt in



Hole 391C, which terminated at 1412 m in lower Titho-
nian red shaly limestone, some 300 to 400 m short of
basement. Drilling at Site 534 (Fig. 7), 22 km from Hole
391C (thus avoiding confusion with one of the three
1975 reentry cones), was therefore our Leg 76 objective.
Local water depth at this site is 4950 m and sediment
thickness 1800 m, as based on linear extrapolation of
sedimentation rate (1.9 ¢cm/10® yr.) and the seismic
velocities determined from two sonobuoys at the site
(Bryan et al., 1980). Site 534 lies in the Middle Jurassic
magnetic quiet zone, just seaward of the Blake Spur
Anomaly (Fig. 8). The basal sedimentary record should
show the M-26 and M-27 reversals, and basement age
should be that about of M-28. As a result, the crust is
estimated to be on the order of 156 to 165 m.y. old,
which roughly agrees with the age of the basal sediments
as a function of the calculated sub-bottom depth at Site
391.

Site 534 penetrated, in descending stratigraphic or-
der; +650 m of upper Cenozoic hemipelagic clays and
Miocene debris flows (Great Abaco Member of the
Blake Ridge Formation) (Jansa et al., 1979), 300 m of
the lower part of the Middle Cretaceous dark colored
and variegated shales (Hatteras and Plantagenet forma-
tions), 330 m of Lower Cretaceous light colored lime-
stones (Blake-Bahama Formation), Upper Jurassic
brown and green shaly limestones (Cat Gap Formation),
and Middle Jurassic unknown (?) hemipelagic sediment
before reaching basaltic ocean crust approximately 153
m.y. of age.

Summary of Objectives

1. Extend lithostratigraphy below the Upper Jurassic
and correlate to the Tethys facies of the same age. Pro-
vide multidisciplinary geological information on one of
the thickest ocean sections of Cretaceous dark shales in
order to further delineate its origin.

2. Establish a multiple Jurassic deep-marine biostra-
tigraphy and attempt to resolve discrepancies in dating
of Leg 11 deposits. Correlate to the Tethyan province.

3. Date seismic Horizon D and determine its genetic
origin.

4. Make Jurassic, Cretaceous, and Cenozoic paleo-
bathymetric estimates based on corrected backtracking,
and relate the subsidence with the history of sedimenta-
tion and biofacies as a function of the carbonate dis-
solution regime.

5. Relate the Site 534 geological-paleontological rec-
ord to the paleogeography of the early ocean basin and
establish arguments for dating the early connection be-
tween the Tethys and Pacific.

6. Trace the evolution of the pelagic biota in the ear-
ly Atlantic Ocean.

7. Relate the magnetostratigraphic record at the base
of and below the Keathley Sequence to the biostra-
tigraphy, sedimentation rates, and rates of seafloor
spreading in order to furnish a more precise Jurassic
time scale.

8. Date the Jurassic spreading-center jump in the
western North Atlantic Ocean.

SITE 534

9. Compare the Jurassic and Cretaceous spreading
rates and relate these to the temporal distribution of the
magnetic quiet zones.

OPERATIONS

Immediately after leaving Site 533 at 0000 hr., 20 Oc-
tober 1980, en route to multiple reentry Site 534 in the
Blake-Bahama Basin, the Glomar Challenger suffered
the total loss of the number three engine. This loss re-
duced our effective speed and meant that during sub-
sequent drilling operations one of the stern thrusters
would be without power. As a consequence, drilling
during bad weather might have had to be suspended
to improve station-keeping capacity. Although all on
board realized the potentially troublesome situation, the
captain and operations manager felt that at least the
cone could be set without problems; thus the Challenger
proceeded to Site 534. Weather conditions were almost
perfect—thus occupation of the site would allow a
thorough appraisal of current and bottom conditions.

Shortly before arriving at Site 534, speed was reduced
to sychronize ETA (estimated time of arrival) with a
satellite pass. This accomplished, we released the 13.5-
kHz beacon on 20 October at 2012 hr. at position 28°
20.6'W, 75°22.9" N, Two more satellite fixes were made
within a one-half mile radius from the first one. Unfor-
tunately, attempts to position on Benthos beacon 15
were thwarted by the inexplicable loss of signal within
1000 ft. of the site and a stronger signal when we steamed
away from the beacon. At 2242 hr., a 16.0-kHz Benthos
beacon number 11 was dropped at the site, and stable
positioning was achieved by 2400 hr. Pipe was run in the
hole and at 1012 hr., 21 October, Hole 534 was spud-
ded. The drill pipe pinger was deployed but developed
loss of signal at depth. One mudline core was taken at
4984.5 m, which recovered 2.1-m sections, thus con-
firming the seafloor depth as 4984 m. Subsequently a
87.5-m jet-in test was done to determine the length of
the conductor casings below the cone. Upon review of
the technical condition of the ship, on 21 October the
Deep Sea Drilling Project decided to divert us to port
for an engine overhaul. Word was received to abort Site
534 and proceed to Port Everglades, Fort Lauderdale,
Florida for emergency repairs to the number three en-
gine. Between 1345 and 2230 hr. on 21 October, pipe
was pulled and at 2244 hr. we departed for port.

After completion of the engine overhaul on 28 Oc-
tober 1980, we sailed again for Site 534 (Fig. 11), where
we arrived the next evening, 29 October 1980, aided by
two satellite fixes prior to arrival. We acquired the sig-
nals of the 13.5- and 16.0-kHz beacons on the site at
2135 hr., and at 2200 hr. The Challenger was again in
stable automatic positioning mode at 28°20.6'N, 75°
22.9°W. Seas were calm and the weather balmy, with an
outlook for more of the same. The ship’s crew immedi-
ately proceeded with keelhauling of the previously pre-
pared reentry cone, which was hung under the moon
pool. The next 83 m of 16-in. casing string was sus-
pended under the core and latched onto it. The bottom-
hole assembly with the casing running tool was entered
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and latched to the cone-casing combination. The elabo-
rate construction was run to the seafloor, and just be-
fore spudding in, the Bowen sub unit and heave com-
pensator were installed. The casing pipe was spudded in
at 2154 hr. on 30 October at 4976 m, which is 8 m shal-
lower than in the first hole of Site 534. Based on this dif-
ference and the nature of the hyperbolic echos on the
depth record, small-scale topographic relief is thought
to exist at the site.

Washing in proceeded rapidly, and the cone was land-
ed at 2330 hr. On 31 October at 0035 hr., the wireline-
operated shifting tool disengaged the cone and casing
string from the drill pipe, upon which further washing
was continued to 531 m below the seafloor.

This depth was achieved at 1400 hr. and the drill
string pulled on deck where it arrived on 1 November at
0130 hr. Subsequently, 529 m of 11 3/4-in. casing was
assembled, hung in the moon pool, and latched to the
bottom-hole assembly (Fig. 12). Shortly after 1700 hr.
on 1 November, the pipe was again on its way down and
reentered in the cone. The first reentry operation took
about 18 hr., including a wire-line trip which involved a
delay of six hours to change the first sonar scanning tool
that had been improperly assembled and had ceased to
rotate. At 1400 hr. the second tool was run in and per-
formed well, allowing a perfect three reflector stab to be
made at 2302 hr. The end of the drill string with ap-
proximately 40 tons of casing attached was very sluggish
in its movements toward the reentry cone. Movement
was resisted until the Challenger was offset over 30 m.
Even with these offsets, the pipe swung very slowly and
was apparently out of phase with ship movements. It
was thought the inertia of the extra casing weight was
acting as an anchor. Now bottom currents at Site 534
are also postulated to explain the pipe drag.

Site 534
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Figure 12. Casing hierarchy used at Site 534.

SITE 534

When at 0000 hr. on 3 November 1980 the second
sonar tool had been retrieved, the 11 3/4-in. casing was
rapidly lowered to the prewashed depth of 531 m and ce-
mented in the hole. Another round trip was made to as-
semble the 9 7/8-in. bit and coring assembly; reentry in
the cone was achieved on 4 November at 1427 hr. Again
the movement of the pipe just above the cone was slug-
gish even without the casing weight. This caused the re-
entry operation to take a long time, ~ 12 hr. However,
in spite of this slow procedure, all three reflectors of the
cone were observed, and a perfect reentry was achieved.
The pipe seemed to move with more ease to the south-
east, and with more resistance to the northwest, as if a
weak bottom current crosses the site from northwest to
southeast. Working with and against this apparent near-
bottom current improved our chances to move the pipe
and to stabilize it over the cone when ready to stab.
These maneuvers finally led to a successful reentry.

After drilling out the cement plug and swabbing the
hole, regular continuous coring started at 0100 hr., 5
November 1980, at a depth of 5363 m. The first core
failed to recover any sediment, but subsequent cores
showed progressively better recovery. During drilling of
Core 8, apparently the bit got plugged with a particular
hard piece of intraclast limestone, which led to only 0.25
cm recovery and high circulation pump pressure. A
chisel bit was sent down to clean the bit opening, and
this rectified the problem. After the bit was set down for
further coring, T.D. (total depth) was found to be 7 m
shallower than when Core 8 was first drilled; one possi-
ble reason may be a slight straightening of bends in the
drill string above the seafloor. Such occurrences can
happen when the ship changes heading.

A problem developed during the cutting of Core 15.
Rotation for one half hour failed to take any weight off
the bit and either the bit hit something very hard or the
core barrel could have jammed. The core was pulled at
1530 hr. and found empty and clean. It was interpreted
that the pipe might have been chafing on the lip of the
reentry cone, that some weight had been taken up at
that point, and the bit was not reaching the bottom of
the hole. Also, chafing was noted at the upper end of
the pipe at the horn beneath the moon pool. It was pos-
sible that a mid-water current was bending the pipe to
cause contact at the upper and lower extremes. A care-
ful appraisal of the positioning system and its heading-
related error was made, which failed to show an excur-
sion of Challenger during drilling of Core 15. The posi-
tioning system was verified as functioning properly.
Thus to avoid chafing below the moon pool, the ship
was moved a few hundred feet to bring the pipe vertical
at its upper end. Then Core 15 was redrilled at the cor-
rect interval and 1.5 m of sediment was recovered. The
core was out of round in its lower section and showed
unusual wear, but at least the bit was open and was in-
deed reaching the bottom of the hole. Nevertheless, the
possibility remained that some chafing was still occur-
ring at the reentry cone.

To check this out, the Totco Eastman survey tool was
lowered on a wire line to measure the pipe angle just
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above the cone. Angles of 5 and 10° were recorded. A
similar (7°) reading of the tool was made the next day.
This indicated that although the pipe might indeed have
been bent by mid-water currents, the angle of entry in
the cone was near vertical and the pipe was not chafing.
After additional offsets of 100 ft. south and 100 ft. east
to bring the ship closer to the last reentry position and
thus relieve stress, Core 16 was cut. Stiffer coring joints
were added at the upper end of the pipe to absorb possi-
ble strains when drilling through potential hard layers.
Consequently, only 9.0-m coring intervals were possi-
ble.

Core 16 recovered 3.2 m of intraclast chalk, most of
it in the form of badly downward-tapered ‘‘cookies’
with closely spaced external scratch ‘‘rings.’’ This was
the result of the use of a hard-rock type of core-catcher
that was subsequently replaced by an intermediate-rock
type. Cores 17, 18, 19, and 20 showed satisfactory re-
covery, although drill time was slowed down on several
5- to 10-cm layers of chert. Core 21 again failed to re-
cover more than a few chips. This time the core barrel
may not have seated properly during cutting of the core,
resulting in a pileup of cored sediments above the bit.
As a result pump pressure should have been higher than
normal, an adjustment that was consequently made. The
bit was cleaned with a stabbing tool in front of the core
barrel. This procedure was repeated for Core 23.

In the meantime, the ship was slightly offset again to
relieve rubbing of the drill string in the moon pool horn.
When setting down for cutting Core 21, T.D. was again
found to be shallower than before, this time about 3 m.

From November 7 through 11 coring continued at a
regular pace of 2.5 to 3.5 hr. between cores. The
weather continued to be pleasantly warm with light to
moderate winds and negligible to light swell. Hurricane
Jeanne stayed well west of the ship and never posed a
serious threat. Sediment recovery, which had varied
widely and fared poorly in Cores 19 through 33 (only 33
out of 126 m were recovered), improved. Cores 19
through 33 were very clayey between harder stringers
(black and green clays of the Bermuda Rise, Plan-
tagenet, and upper Hatteras formations); most of this
material was lost while coring. From Cores 39 through
56, 204.5 m of sediment were cored and 123.5 m recov-
ered. Vertical deviation of the hole as measured at 775
m and 1000 m sub-bottom depth amounted to 0.3 and
0.4°. On November 10, coring was suspended for 4 hr.
to slip 10 m of wire on the main winch and thus run a
fresh stretch of it through the pulleys of the traveler
block. This is a normal maintenance and safety pro-
cedure. At 0030 hr. on 12 November there was a slight
pickup of current from NNW, which caused a 200 ft.
excursion from the site. All engines were brought on line
to reoccupy the correct offsets and headings to maintain
position in the hole.

After Core 50, the occurrence of hard limestones at
the top of the Blake-Bahama Formation caused the
drilling rate to decrease markedly—to less than 5 m/hr.
Although this decrease was similar to the marked de-
crease at Horizon § as encountered at Site 391, there
was some suspicion on the part of the operations man-
ager that the Smith F93CK (long-tooth) bit was not cut-
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ting as well as it should be in these kinds of rocks. Per-
haps it had been damaged in drilling the unexpected
cherts in the overlying Bermuda Rise Formation. Some
slight decrease in the diameter of the recovered cores,
such as Core 55, also suggested possible wobble of the
rollers and deterioration of the bit bearings. Based on
these considerations, and the fact that the heavy wall
9.0-m drilling pipe had to be tripped anyway, it was
decided to pull the entire string for a bit change. This
procedure was begun at 0300 hr., 12 November 1980,
after spending 136 min. cutting Core 56. The bit arrived
on deck at 1700 hr. after 38 hr. of coring; three of the
roller bearings were damaged; one or two of the rollers
probably would have sheared off soon.

Reentry maneuvers commenced on 13 November at
1145 hr. and took nearly 8 hr. to achieve. Again the bit
moved very slowly over the bottom but at a livelier
speed than the previous two successful reentries. This
time the bit was brought very quickly, within close prox-
imity of the cone (within 10 m), and the best maneuvers
were swings in the east-west direction. On at least two
occasions the bit was inside the radius of the cone but
off slightly to one side, not directly over the hole. The
stab was not made because we hoped to let the pipe
swing farther over the center of the cone. To our frus-
tration, the pipe then swung away and out of the cone.
The third time that this happened, when the pipe was
just inside the radius of the cone but not centered, the
cone was stabbed at 1930 hr., 13 November 1980.

Reentry was successful. However, by 0100 hr., 14
November 1980, the drill string stopped against a possi-
ble bridge or shoulder at approximately 808 m sub-bot-
tom in the range of the Hatteras Formation. Washing
permitted the pipe to be lowered to 808 m, when the
Bowen sub was installed to allow rotation. The obstruc-
tion at this level was reamed out and the hole was ap-
parently cleared; this obstacle was a shale flow-in and/
or possible debris accumulation on and above a washed-
out ledge near the Hatteras/Blake-Bahama transitional
chalks. Apparently the hole was clear below the chalks,
where it was more in gauge.

The bit stopped at a total depth of 5992.5 m rather
than the previously established 6011.5 m—this was 19 m
shallower than before reentry. The most likely explana-
tion is that a combination of changes in ship positioning
relative to the cone and the bending of the pipe in the
deep current changed the distance from the ship to the
bottom of the hole.

Because it would have been difficult to correct in a
systematic way all the total depths of cores already re-
covered, without speculating how the current might
have affected the pipe as well, it was decided not to
change the record. This was the best decision, given that
sub-bottom depth and total depth are calculated based
on the accumulation of drilled and cored intervals.
Presumably these cored and drilled intervals were each
in error, one more than the other, if the ship movements
and the currents were moving the pipe in the water in
some unknown way,

As a result of this depth discrepancy, the depth error,
which can be assigned to the recorded depth of a cored
interval (Table 2), is +2%. This order of uncertainty in



Table 2. Coring summary, Hole 534A.

Sub-bottom
Total depth depth Cored Recovered
Core no. (m) (m) (m) (m) Lithology Age
H1 4976-5507 0-531 Wash core 9.2 Nannofossil coze; intraclast chalk middle Miocene
1 5512.3-5521.8  536.3-545.8 9.5 0.0 dark green mudstone early middle Miocene
2 5521.8-5531.4  545.8-555.4 9.6 1.7 dark green mudstone early middle Miocene
3 5531.4-5541.0  555.4-565.0 9.6 4.1 dark green mudstone early middle Miocene
4 5541.0-5550.5  565.0-574.5 9.5 7.3 Chalk, intraclast chalk late early Miocene
5 5550.5-5560.0  574.5-584.0 9.5 8.6 Chalk, intraclast chalk late early Miocene
6 5560.0-5569.5  584.0-591.5 9.5 7.2 Chalk, intraclast chalk late early Miocene
7 5569.5-5579.0  593.5-603.0 9.5 7.4 Chalk, intraclast chalk middle early Miocene
8 5579.0-5581.5  603.0-605.5 25 0.3 middle early Miocene
9 5581.5-5588.5  605.5-612.5 7.0 0.0 middle early Miocene
10 5588.5-5598.0  612.5-622.0 9.5 6.6 Chalk, intraclast chalk, dark carly early Miocene
11 5598.0-5607.5  622.0-631.5 9.5 24 green mudstone early early Miocene
12 5607.5-5617.0  631.5-641.0 9.5 7.6 early early Miocene
13 5617.0-5626.5  641.0-650.5 9.5 5.8 early early Miocene
14 5626.5-5636.0  650.5-660.0 9.5 7.6 early early Miocene
15 5636.0-5645.5  660.0-669.5 9.5 1.5 Intraclast chalk carly early Miocene
16 5645.5-5654.5  669.5-678.5 9.0 32 Intraclast chalk early early Miocene
17 5654.5-5663.5  678.5-687.5 9.0 9.5 Intraclast chalk early early Miocene
18 5663.5-5672.5  687.5-696.5 9.0 2.7 Intraclast chalk early early Miocene
19 5672.5-5681.5  696.5-705.5 9.0 4.2 late Eocene
20 5681.5-5690.5  705.5-714.5 9.0 4.1 Zeolitic siliceous variegated mud-  late Eocene
21 5690.5-5699.5  714.5-723.5 9.0 0.0 stone; graded sandstone; por- ?
2 5699.5-5708.5  723.5-732.5 9.0 0.1 cellanite 1
23 5708.5-5717.5  732.5-741.5 9.0 0.3 Maestrichtian
24 5717.5-5726.5  741.5-750.5 9.0 6.3 Variegated claystone early Maestrichtian
25 5726.5-5735.5  750.5-759.5 9.0 1.6 Variegated claystone early Maestrichtian
26 5735,5-5740.5  759.5-764.5 5.0 1.6 Variegated claystone early Maestrichtian
27 5740.5-5750.0  764.5-774.0 9.5 4.4 Vraconian
28 5750.0-5759.5  774.0-7831.5 9.5 3.6 Vraconian
29 5759.5-5769.0  783.5-793.0 9.5 5.3 Vraconian
30 5769.0-5778.5  793.0-802.5 9.5 0.6 late Albian
31 5778.5-5788.0  B02.5-812.0 9.5 1.3 late Albian
32 5788.0-5797.5  B12.0-821.5 9.5 1.6 late Albian
33 5797.5-5807.0  B21.5-831.0 9.5 1.8 Black to green carbonaceous late Albian
34 5807.0-5816.5  831.0-840.5 9.5 35 claystone middle Albian
5 5816.5-5826.0  B40.5-850.0 2.5 6.5 middle Albian
36 5826.0-5835.5  850.0-859.5 9.5 4.7 early middle Albian
37 5835.5-5845.0  859.5-869.0 9.5 5.8 early middle Albian
38 5845.0-5854.0  869.0-878.0 9.0 7.0 early middle Albian
39 5854.0-5863.0  878.0-887.0 9.0 6.8 early Albian
40 5863.0-5872.0  887.0-896.0 9.0 0.2 Variegated claystone early Albian
41 5872.0-5881.0  896.0-905,0 9.0 8.7 Variegated claystone Aptian
42 5881.0-5890.0  905.0-914.0 9.0 3.7 Variegated claystone Aptian
43 5890.0-5899.0  914.0-923.0 9.0 32 Carbonaceous claystone Aptian
44 5899.0-5908.0  923.0-932.0 9.0 6.7 Carbonaceous claystone Aptian
as 5908.0-5917.0  932.0-941.0 9.0 7.0 Carbonaceous claystone Aptian
46 5917.0-5926.0  941.0-950.0 9.0 1.3 Carbonaceous claystone Barremian-Aptian
47 5926.0-5935.0  950.0-959.0 9.0 6.0 Barremian
48 5935.0-5939.5  859.0-963.5 4.5 8.7 Barremian
49 5939.5-5948.5  963.5-972.5 9.0 9.5 Barremian
50 5948.5-5957.5  972.5-981.5 9.0 6.7 Barremian
51 5957.5-5966.5  981.5-990.5 9.0 1.5 Calcareous and nannofossil clay-  Barremian
52 5966.5-5975.5  990.5-999.5 9.0 7.3 stone; limestone; minor car- Barremian
53 5975.5-5984.5  999.5-1008.5 9.0 6.2 bonaceous claystone Hauterivian-Barremian
54 5984.5-5993.5 1008.5-1917.5 9.0 3.6 Hauterivian-Barremian
55 5993.5-6002.5 1017.5-1026.5 9.0 4.6 Hauterivian-Barremian
56 6002.5-6011.5  1026.5-1035.5 9.0 4.3 Hauterivian-Barremian
57 6011.5-6020.5 1035.5-1044.5 9.0 6.1 Hauterivian-Barremian
58 6020.5-6029.5 1044.5-1053.5 9.0 6.6 Hauterivian
59 6029.5-6038.5  1053.5-1062.5 9.0 4.7 Hauterivian
60 6038.5-6047.5  1062.5-1071.5 9.0 6.1 Hauterivian
61 6047.5-6056.5  1071.5-1080.5 9.0 6.6 Hauterivian
62 6056.5-6065.5  1080.5-1089.5 9.0 0.6 Hauterivian
63 6065.5-6074.5  1089.5-1098.5 9.0 37 Hauterivian
64 6074.5-6083.5 1098.5-1107.5 9.0 6.7 Laminated nannofossil chalk and  Valanginian-Hauterivian
65 6083.5-6092.5 1107.5-1116.5 9.0 83 limestone, siltstone, minor Valanginian-Hauterivian
66 6092.5-6101.5 1116.5-1125.5 9.0 7.1 carbonaceous claystone Valanginian-Hauterivian
67 6101.5-6106.0  1125.5-1130.0 4.5 4.7 late Valanginian
68 6106.0-6115.0 1130.0-1139.0 9.0 8.4 late Valanginian
69 6115.0-6124.0 1139.0-1148.0 9.0 9.3 late Valanginian
70 6124.0-6133.0 1148.0-1157.0 9.0 8.1 late Valanginian
71 6133.0-6142.0 1157.0-1166.0 9.0 7.9 early Valanginian
72 6142.0-6151.0  1166.0-1175.0 9.0 B.4 early Valanginian
73 6151.0-6160.0 1175.0-1184.0 9.0 7.1 early Valanginian
74 6160.0-6169.0 1184.0-1193.0 9.0 8.6 early Valanginian
75 6169.0-6178.0  1193.0-1202.0 9.0 9.0 early Valanginian
76 6178.0-6187.0  1202.0-1211.0 9.0 8.9 Bioturbated nannofossil-radiolar-  early Valanginian
77 6187.0-6191.5  1211.0-1215.5 4.5 5.4 ian limestone and chalk, early Valanginian
78 6191.5-6200.5 1218.5-1224.5 9.0 ) minor siltstone early Valanginian
79 6200.5-6200.5 1224.5-12331.5 9.0 8.6 early Valanginian
80 6209.5-6218.5 1233.5-1242.5 9.0 6.9 early Valanginian
81 6218.5-6227.5 1242.5-1251.5 9.0 6.0 early Valanginian
82 6227.5-6236.5 1251.5-1260.5 9.0 2.2 late Berriasian
83 6236.5-6244.0 1260.5-1268.0 7.5 1.5 late Berriasian
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Table 2. (Continued)
Sub-bottom
Total depth depth Cored Recovered
Core no. (m) (m) (m) (m) Lithology Age
84 6244.0-6253.0 1268.0-1277.0 9.0 9.6 late Berriasian
85 6253.0-6262.0 1277.0-1286.0 9.0 1.6 late Berriasian
86 6262.0-6271.0  1286.0-1295.0 9.0 6.5 late Berriasian
87 6271.0-6280.0  1295.0-1304.0 9.0 8.0 Bioturbated nannofossil-radiolar-  early Berriasian
88 6280.0-6289.0  1304.0-1313.0 9.0 8.0 ian limestone and chalk; early Berriasian
89 6289.0-6298.0  1313.0-1322.0 9.0 7.6 stylolites early Berriasian
90 6298.0-6307.0 1322.0-1331.0 9.0 7.5 latest Tithonian-earliest
Berriasian
91 6307.0-6316.0  1331.0-1340.0 9.0 8.0 latest Tithonian-early
Berriasian
92 6316.8-6325.0  1340.0-1349.0 9.0 8.2 Tithonian
93 6325.0-6329.5 1349.0-1353.5 4.5 4.5 Tithonian
94 6329.5-6338.5  1353.5-1362.5 9.0 5.4 Tithonian
95 6338.5-6347.5 1362.5-1371.5 9.0 6.7 Tithonian
96 6347.5-6356.5 1371.5-1380.5 9.0 6.6 Kimmeridgian-Tithonian
97 6356.5-6365.5  1380.5-1389.5 9.0 0.5 Kimmeridgian-Tithonian
98 6365.5-6371.5  1389.5-1395.5 6.0 0.0 Grayish red calcareous claystone  Kimmeridgian-Tithonian
Bl 6357.0-6371.5  1381.0-1395.5 M 0.1 Kimmeridgian-Tithonian
99 6731.5-6377.0  1395.5-1401.0 5.5 5.2 Kimmeridgian-Tithonian
100 6377.0-6386.0  1401.0-1410.0 9.0 5.6 Kimmeridgian-Tithonian
101 6386.0-6395.0 1410.0-1419.0 9.0 1.9 Kimmeridgian-Tithonian
102 6395.0-6404.0 1419.0-1428.0 9.0 7.5 Kimmeridgian-Tithonian
103 6404.0-6413.0  1428.0-1437.0 9.0 1.6 Kimmeridgian
104 6413.0-6422.0  1437.0-1446.0 20 6.4 Gray, micritic to bioclastic lime- Kimmeridgian
10§ 6422.0-6431.0 1446.0-1455.0 9.0 2.8 stone, greenish gray to brown  Oxfordian-Kimmeridgian
106 6431.0-6440.0 1455.0-1464.0 9.0 24 calcareous claystone Oxfordian-Kimmeridgian
107 6440.0-6444.5  1464.0-1468.5 4.5 2.7 Oxfordian-Kimmeridgian
108 6444.5-6453.5  1468.5-1477.5 9.0 1.1 Oxfordian-Kimmeridgian
109 6453.5-6462.5 1477.5-1486.5 9.0 0.2 Oxfordian-Kimmeridgian
110 6462.5-6471.5 1486.5-1495.5 9.0 0.3 Oxfordian-Kimmeridgian
111 6471.5-6480.5  1495.5-1504.5 9.0 0.3 Oxfordian
12 6480.5-6489.5  1504.5-1513.5 9.0 1.1 Variegated, reddish brown to Oxfordian
13 6489.5-6498.5  1513.5-1522.5 9.0 0.8 grayish green claystone Oxfordian
114 6498.5-6507.5 1522.5-1531.5 9.0 1.8 Oxfordian
115 6507.5-6516.5 1531.5-1540.5 9.0 1.1 Oxfordian
116 6516.5-6525.5  1540.5-1549.5 9.0 0.9 Oxfordian
17 6525.5-6534.5  1549.5-1558.5 9.0 0.6 Oxfordian
118 6534.5-6543.5 1558.5-1567.5 9.0 1.1 Oxfordian
119 6543.5-6548.0 1567.5-1572.0 4.5 0.2 Callovian-Oxfordian
120 6548.0-6557.0 1572.0-1581.0 9.0 1.0 Gray micritic limestone; dark Callovian-Oxfordian
121 6557.0-6566.0 1581.0-1590.0 9.0 0.6 gray, green, brown radiolar- Callovian-Oxfordian
H4 5507.0-6566.0  531.0-1590.0 Wash core 0.1 ian claystone Callovian-Oxfordian
122 6566.0-6570.0  1590.0-1594.0 4.0 2.6 Callovian-Oxfordian
123 6570.0-6579.5  1594.0-1603.5 9.5 5.9 Callovian-Oxfordian
124 6579.5-6588.5 1603.5-1612.5 9.0 1.5 middle-late Callovian
125 6588.5-6597.5  1612.5-1621.5 5.0 8.5 Black and red to green shale middle-late Callovian
126 6597.5-6606.5 1621.5-1630.5 9.0 6.2 middle-late Callovian
127 6606.5-6615.5  1630.5-1639.5 9.0 4.9 middle-late Callovian
128 6615.5-6624.5  1639.5-1648.5 9.0 5.6 Basalt in core catcher only
129 6624.5-6633.5  1648.5-1657.5 9.0 5.6
130 6633.5-6642.5  1657.5-1666.5 9.0 7.0
1130.2 629.8

Note: For an explanation of Core Bl see Operations section, Cores preceded by H indicate wash cores. (Cores H2 and H3 were not described

or preserved.)

depth of the core samples will affect the calculations
based on intervals, such as sedimentation rates and seis-
mic interval velocities.

Normal operations resumed with the cutting of Core
57 at 1035.5 m sub-bottom at 0500 hr. on 14 November
1980. Recovery was largely shale cuttings and 60 cm of
hard Blake-Bahama limestone.

From 1035.5 m to 1260.5 m below the seafloor (Cores
57-82), coring was only interrupted by the loss of the
heave compensator. It developed a broken piston in the
pressure housing on deck and was taken off the drilling
assembly for the rest of the cruise. The passing of a low
on November 16 to 17, with winds of up to 35 knots, did
not affect operations. The ship was easily held on sta-
tion. On November 17, at 1500 hr., the decision was
made to pull pipe for reason of the poor performance of
the drill bit after it had cored for only 29.5 hr. Cores 79
to 82 had showed progressively less recovery, and core
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diameter fell below the size of 5.4 cm, which was used as
the criterion to change bits. Many cored limestone frag-
ments showed signs of excessive abrasion. The F93CK
(long tooth) bit arrived on deck at 0315 hr. on 18 No-
vember 1980; one roller was wobbling on its bearing,
and another bearing seal was gone.

After replacement of the damaged bit with a Smith
F94CK (short-tooth) one, the drill string was run in the
hole from 0400 through 1400 hr., 18 November 1980. At
1600 hr. the reentry tool arrived at the bottom of the
pipe and tool rotation was accomplished. However, the
return signal looked as if the transducer was below the
mudline. Confused by this, we raised the tool and pipe
as much as 4 m in hopes of getting it out of the mud, but
the return pattern never changed. We assumed that the
transducer was dirtied with pipe dope; the tool was then
withdrawn up into the pipe for flushing with pressure up
to 30 strokes. Upon lowering the transducer, the normal



return pattern was suddenly presented on the screen; we
concluded that the tool had been up in the pipe all the
while. At 1710 hr. both tool and drill pipe were lowered
4 m to be at 4966.5 m and the cone was well detected at a
150-ft. range. Bad luck caught up with us at 1754 hr.,
when the tool ceased rotating and transmitting (this fail-
ure was later concluded to have been caused by a leaky
rotor motor sealing sleeve). The malfunctioning tool
was recovered and a new reentry tool landed at the bot-
tom of the pipe at 2200 hr. In the fastest reentry opera-
tion thus far on Leg 76, the tool found the cone in a lit-
tle less than 1 hr. and the stab was made at 2312 hr.

On its way down the hole, the pipe was stopped at
840 m sub-bottom, approximately 30 m deeper than dur-
ing the previous reentry. The Bowen sub was installed
in the drill string to remove the blockage, which may
have been a bridge on a shoulder of a thin hard lime-
stone bed in the Hatteras shales. Only a little effort was
needed to break through to where the hole was clean
through the Blake-Bahama Formation.

Normal operations were resumed with the recovery
of Core 83 at 1515 hr., 19 November 1980. Recovery
was good, but drilling was slow. The limestone was less
hard and more marly than anticipated, and as a result
the 94 short-tooth bit probably was sliding more than
cutting.

When the tugboat Orca arrived at 1230 hr., 22 No-
vember 1980, the crew and scientists took a few minutes
to welcome the new members to the shipboard party,
the major social event of the cruise. Unfortunately, an
oil filter on one of the propulsion motors chose just this
moment to malfunction. To repair the filter the propul-
sion motor had to be taken off the line for 4 or 5 hr. In
the meantime, full propulsion capacity was needed to
maintain the Challenger in position for the rendezvous
and personnel transfer. The transfer was no easy task as
it required jumping from an inflatable boat to the
boarding ladder in a heavy swell.

Consequently, the ship’s officers and operations man-
ager decided to borrow power from the Bowen sub mo-
tor and, therefore, the drilling had to cease. However,
the draw works motors could still function. To utilize
the time (4-5 hr.) it was decided to pull the pipe to
replace the Smith F94CK (short-tooth) bit, which was
not achieving good penetration rates. Core 98 was
halted after 6.0 m of cutting and the pipe was pulled out
of the hole at 1245 hr. It was found to be empty, sug-
gesting a possibly plugged bit, which might also explain
the poor recovery rate for Core 97.

Upon arrival of the bit on deck at 0530 hr., 23 No-
vember 1980, it was found to be plugged very tightly by
a very hard, gray clay, which was so dry it crumbled.
This was in contact with a small fragment of red shale
above it. Following the procedures of the Deep Sea
Drilling Project, this is labled Core B1 in Table 2.

Preparations were begun for our fourth return to the
hole. Between 0530 and 0745 hr., Challenger was man-
euvered back over the hole because it had drifted as far
as 5 mm during the pulling of the string. For safety and
comfort on the rig floor Challenger was headed into the
heavy 3-m swell, rather than positioned to stay on sta-
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tion. Magna fluxing the joints during this run found
some fatigue cracks in three inner core barrels, which
were set aside for repair. The magna fluxing procedure
adds about 4 hr, to the normal trip time.

At 1058 hr., Captain Clarke ordered another 13-kHz
sonar beacon launched to replace the original 13-kHz
beacon, which no longer could be ‘‘heard’’ by the posi-
tioning computer. This was done to provide backup for
the 16-kHz beacon, which was the present reference for
Site 534, and give a longer-lived signal for eventual re-
turn to the site.

All was ready for the next reentry of the cone on 23
November at 2030 hr. The 94-type bit had been replaced
by the better cutting type (F93CK, long tooth). With-
in half an hour, the cone was found and successfully
stabbed at 2114 hr. The reentry again was complicated
by the occurrences of bridges at 850 and at 950 m sub-
bottom. The bridge at 950 m was particularly trouble-
some, because at this depth the limestones of the Blake-
Bahama Formation form a ledge, above which the Hat-
teras Formation shales are eroded into a cave. Appar-
ently the ledge was becoming larger, so that the bit set
down some distance off the hole in the limestone. This
time it took approximately 1 hr. from 0430 to 0530, to
raise and lower the pipe until the bit was slipped into the
hole. After this second ‘‘reentry’’ at the ledge, the drill
string lowered easily to the bottom of the hole.

The hole was cleaned with mud, and the core level
was pulled, as was Core H3, to examine the cuttings for
information on the bridging problem. However, the
wash core only had a few cuttings mixed with muddy
water. Apparently, the high pressure on the bit kept it
clean. At 1145 hr., the inner core barrel landed for Core
99, but pressure became abnormally high, which sug-
gested a plugged bit (with the pressure vents, rather than
the center bit opening, filled with mud). Several tech-
niques were employed to unplug the bit, including stab-
bing of the bit with the unplug tool and hard landing of
the core barrel with full pump stroke. None gave a
definitive clue to the state of the bit, and it was decided
to core 5.5 m and hope for the best. Coring took only 40
min. and at 1645 hours, 5.2 m of the Cat Gap Forma-
tion was retrieved. Coring routine was reestablished.

In the early morning of November 25, we passed be-
yond the sub-bottom-depth penetrated at Site 391 (1412
m), with the red shales, Cores 99 to 103, coming up
every 3 hr. Unfortunately, the gray, micritic limestones
and shales below Core 103 down to Core 111 retarded
the pace considerably. In addition, ‘‘the deep current”’
reappeared and caused considerable pipe stress and un-
certainty on the weight indication during drilling of
Core 107, which was pulled after cutting only 4.5 m in
210 min. From Core 112, at 1504 m sub-bottom, down
to Core 117 hard shales again speeded up the coring, but
recovery was much below normal. Maybe the bit had
been damaged when drilling through the hard lime-
stones.

On Saturday, 29 November 1980, it became clear that
the bit was likely past reflector D strata and that we had
reached the hitherto unexplored basal sedimentary unit.
The next highlight of drilling would be basement, to be
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attempted during the continuation of Leg 76 in Decem-
ber, after the port call and crew change in Ft. Lauder-
dale. Time constraints created by the need to change
Global Marine and Scripps crews made the 1 December
1980 ETA at Ft. Lauderdale a must; therefore the coring
operations were terminated when Core 121 had been
cut. Drill torque had much increased and a seized drill
roller cone was feared. In any case, the core diameter in-
dicated bit wear, which was to be expected, given the bit
model and number of drilling hours. Core 121 arrived
on deck at 0015 hr. on 29 November. The hole was
flushed with heavy mud and the drill string pulled. All
gear arrived safely on deck at 1415 hr. The bit was in-
spected for damage, but nothing unusual was found. All
the cones were wobbling as if the seals were gone and
bearings worn; the cones were obviously damaged and
might have dropped off with further use. The decision
to pull pipe was indeed a correct one. Having amassed
52 hr. of bit life, this model 93 had served us well—it
penetrated 195 m over a 4-day period.

The drilling crew spent a short time magna fluxing
the Bowen sub joints on the rig floor. At 1800 hr. on
29 November 1980, Glomar Challenger headed for Ft.
Lauderdale (to return in a week’s time for completion of
deep, multiple reentry drilling at Site 534 in the Blake-
Bahama Basin). Arrival at Ft. Lauderdale at 1000 hr. on
1 December 1980 began a 4-day port call to change
crews and reprovision the ship.

On December 5, 0700 hr., Glomar Challenger headed
again for Site 534. Crew change and fitting out for the
extension of Leg 76 and for Leg 77 were completed, in-
cluding repairs to the heave compensator. The Leg 77
scientific team had largely come aboard, except for the
co-chief scientists, a paleontologist, and the organic
geochemist. Of the Leg 76 scientists, the two co-chief
scientists and two of the sedimentologists had stayed
aboard in order to complete the coring and logging at
Site 534 to basement. We hoped to complete the Leg 76
extension by 16 December 1980, as approved by the
Deep Sea Drilling Project.

Under stable weather conditions with 15 to 25 knot
winds and a light to moderate NNE swell, we reoccupied
Site 534, The ship was again in automatic positioning
over the beacon at 2000 hr. on 6 December. After bleed-
ing air from the heave compensator, at 2230 hr. the pipe
was run down with a Smith F94CK (short-tooth) bit and
three bumper subs and drill collars. The offsets relative
to the beacon to bring the ship over the cone had been
estalished during the previous reentry. A slight delay to
slip and cut the drilling cable put the running in of the
reentry tool at 0955 hr. At 1240 hr. on 7 December the
reentry tool was at the bottom of the pipe and rotating.
Returns seemed normal, including a mudline reflector,
but there was no sign of the cone.

A box-type search pattern was begun, first with
100-ft. and then with 300-ft. offsets. After we had not
seen the cone for some time, we suspected that the tool
was not seated and out of the pipe. At 1800 hr. the tool
was pulled up and set down and a definite loss of weight
was indicated, but 6 m deeper than previously, which
suggested that the tool was not out of the pipe. How-
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ever, when seated the tool failed to rotate properly. At
1820 hr. the tool was winched back on deck; the prob-
lem was traced to improper assembly of the tool, which
prevented proper seating in the bit. A new, properly
assembled tool was sent down, but this one also stopped
rotating at the bottom of the pipe. On chance that an
obstruction might have been present in the bottom-hole
assembly, the operations manager decided to employ
the bit deplugger before lowering a third reentry sonar
tool. In the meantime, the heave compensator had
started leaking and was not fit for operation until seals
on the hydraulic piston were replaced.

At 2330 hr. 7 December 1980, the deplugger was run
and seated with high pressure. This should have cleared
the obstructions from the bit. At 0130 hr. on 8 Decem-
ber 1980, the overshot was sent down after the de-
plugger. In the meantime, the operations manager dis-
covered that the opening of the Smith F94CK bit in-
stalled at the end of the drill string was not the correct
diameter for normal cores, that is, 2 7/16 in.; rather it
was a smaller-diameter bit for the pressure core barrel, 2
1/8 in. This 5/16-in, reduction in diameter was ap-
parently what was preventing the reentry tool from get-
ting out of the bit. There were scratches on the reentry
tool sonde, which attested to the presence of the nar-
rower bit opening. We decided to leave this type of bit
on and live with smaller cores rather than trip the pipe
to replace it. We were assured by the drilling operations
manager and tool pusher that recovery would not be af-
fected.

At 0315 hr., the third reentry tool was sent down with
a sonde that was apparently of a smaller diameter than
the bit opening. Upon reaching the bottom at 0530 hr.,
the tool again got stuck in the bit opening and refused to
rotate. Twice the tool was lowered and twice it was
stuck, with approximately 2000 Ib. of overpull needed
to dislodge it from the too-small bit. At 0535 hr. 8
December 1980, we decided to pull pipe in order to
change to a proper bit size. This whole problem, which
could easily have been avoided by more conspicuous
labeling of the proper bits and by checking the bit open-
ing diameter before bit installation, cost the program
two days of operations at Site 534,

At 0730 hr. on 8 December, the reentry tool arrived
on deck, and we found that the entire 45° transducer
had been ripped off. Apparently this was still lodged in
the bit opening. However, at 1545 hr. the bit arrived on
deck without any fragments of the broken transducer.
Upon changing to a normal-diameter bit, the BHA (bot-
tom-hole assembly) was reassembled and running in the
hole was begun. At midnight, the transducer reentry
tool was again on its way down the pipe, but myste-
riously stopped rotating at 1000 m. When retrieved, no
sign of malfunction could be detected; in the early
morning hours of 9 December, the fifth reentry tool trip
in three days time was started.

Running in the hole which we had left 10 days ago
was accomplished in 10 hr. under near-perfect weath-
er conditions—almost no swell and a light, pleasant
breeze. As a result, the drill string was virtually station-
ary. The stable drilling string condition probably facili-



tated the drill string’s slipping past the feared bridges at
800 and 950 m sub-bottom, Only two minor obstruc-
tions were encountered at 802 and 860 m sub-bottom,
which were cleared easily with the help of some pipe ro-
tation and flushing when the Bowen sub had been in-
stalled. The bottom of the hole was felt at 2200 hr.,
about 8 m deeper than anticipated, based on the “‘old”
bookkeeping record. The last seven single pipe lengths
before touching bottom went down through fill because
of cavings and required more pump pressure. Next the
hole was thoroughly flushed with mud for 1.5 hr., after
which the inner core barrel was retrieved. This one was
empty except for only 20 cm of in situ sediments, which
proved the hole to be thoroughly clean. At 0230 hr. of
10 December, we were coring again in Oxfordian clay-
stones and limestones. The first core, Core 122, arrived
on deck at 0600 hr. with 3 m of dark shale and lime-
stone. Cores 123 to 126, with black to red green shale
and limestone, came on deck at intervals of 5 to 8 hr.;
cutting was slow due to the nature of the shaly limestone
and claystone, which tended to obstruct the core catcher
and resist bit penetration. During the cutting of Core
127, we feared we had finally come across Jurassic chert
levels, which caused the drilling to slow down. Great
was our surprise when the core contained shale and the
core catcher 7 cm of fine-grained basalt. The next three
cores were all basalt, which confirmed that ocean base-
ment had been reached at 1635 m instead of at 1700 m,
as estimated. Nannofossil biostratigraphy showed the
basal sediments to be Callovian. We were sampling the
oldest stage of Atlantic Ocean history—approximately
153 m.y. old.

At 1000 hr. on 12 December, the coring operation at
Site 534 was terminated; total depth reached was 1666.5
m. The Totco reading showed the bottom 9 m of the hole
to be 2.5° off vertical. Now the hole was flushed with
heavy mud for 1.5 hr., after which the pipe was pulled
back on deck and a logging type bit added. The reason
for pulling pipe prior to logging of the hole was that we
could not use the hydraulic bit release. First, a drill
bit at the bottom would obstruct potential seismic ex-
periments in the hole at a future date. Second, if we
dropped the bit outside the hole, the open-ended drill
string would not likely slip past the bridges in the 800 to
1000 m interval sub-bottom. The addition of the wide
throat, nonroller type of bit to the drill string would also
aid in reentering the hole and logging the section below
the bridges.

At 2200 hr. on 12 December 1980, the drilling bit ar-
rived on deck and was changed for the logging bit. By
0800 hr. on 13 December 1980, pipe was run in the hole
to just above the cone, followed by the EDO reentry
tool at 1000 hr. By 1030 hr. the reentry cone was within
25-ft. range, but then it eluded the pipe until 1645 hr.,
when the stab was successfully made.

After reentering the hole, pipe was run-in to the bridge
at 850 to 1000 m, where the Bowen sub was installed to
work the pipe through. After that bridge, no other ma-
jor obstructions were felt until 3 m above bottom where
rubble had accumulated. At 0450 hr., the rubble was
pumped out with heavy mud for a long enough time to
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fully circulate the mud and cuttings out of the hole. By
0700 hr., the pipe was broken and pulled up to the vosi-
tion just below the upper contact of the Blake-Bahama
Formation where logging of the lower half of the hole
was to be done. However, at 1000 hr. the pressure on
the water in the pipe after reconnection of the circula-
tion pump was found to indicate high back pressure, as
if the bit were plugged. (We now believe that actually
the hole was plugged, leading to over-pressure after
pumping.) Because there was some overpull, 500,000 to
650,000 lb., on withdrawal of the pipe it was thought
some cuttings and talus had caught around the external
parts of the pipe and gotten between the hole wall and
the drill collars. In hopes of rubbing this debris off the
pipe, it was then pulled up into the casing. This did not
deplug the bit. From 1130 to 1500 hr., sinker bars were
attached to the wireline overshot and lowered to
“‘punch’ the debris from the bit. Upon failing to ac-
complish deplugging, the bit was then raised out of the
reentry cone to try using regular inner core barrels to
core the debris out of the pipe. After several trips the
operations manager deemed it fruitless to continue try-
ing to deplug near bottom, so the pipe was pulled.

By 0600 on 15 December 1980, the bottom-hole as-
sembly was pulled on deck with as much as 70 m of de-
bris in the pipe, including chunks of spalled boulders at
least 30 cm along their long axis.

Again an attempt was made at logging. By 1330 on 15
December 1980, the pipe was above the cone, and 2 hr.
later the EDO reentry tool was at the bottom of the
pipe. However, the EDO tool did not appear to be out
of the pipe, and it was reseated several times. Finally, at
1655 hr. the tool failed to rotate and had to be pulled.

By 1930 hr. this first EDO tool was returned to the
deck where the rotation motor shaft was found to be
broken. No explanation was given for this. A new tool
was sent down and by 2130 hr. on 15 December 1980, it
was again seated several times, but it still seemed like it
was not out of the pipe. Only a shadow of a mudline
echo was seen on the scope, as if the transducer was
shielded.

Again this tool was brought up on deck and an exten-
sion to the transducer shaft was installed to be sure it
stuck out of the pipe when seated. However, at 0230 hr.
on 16 December 1980 when the extended tool was seated
and rotating, it had the same symptoms as the last tool—
no mudline echo, as if the tool were not out of the pipe.
However, the returns did change when the EDO tool was
pulled up into the pipe where a pipe echo was observed.
This seemed to indicate the tool was malfunctioning and
was indeed properly seated. The receiver circuit was
suspect so the tool was again pulled at 0300 hr.

The recovered EDO tool was thoroughly checked out
and seemed to be functioning all right. Possibly some
loose solder joints in the connector and cable head had
been the problem. These were resoldered and a new tool
was sent down. At 0900 hr. on the 16 December 1980,
the new EDO was out of the pipe, rotating, functioning
well, and giving a nice ‘‘picture’’ of the cone at 60-ft.
range. By 1217 hr., the cone was successfully stabbed
and reentry made.
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At 1900 hr. we had washed in with the aid of the
Bowen sub to a depth of 5920 m, just below the bad
bridge at the constriction in the hole at the upper Blake-
Bahama Formation contact. The sheaves were set for
logging. The logging tool, composed of natural gamma
ray, borehole-compensated density, and temperature
sensors, was run in to a depth of 6390 m, where a bridge
stopped further progress. This bridge apparently occurs
at reflector D', where hard limestones again constrict
the hole beneath a crumbly shale section. By 0344 hr.,
17 December 1980, logging with the density tool was ac-
complished from the Cat Gap Formation to the upper
part of the Blake-Bahama Formation, over a depth of
6400 to 5950 m.

Early in the morning of 17 December 1980, it was nec-
essary to pull pipe up into the casing for equipment safe-
ty. The weather front passing over at that time caused
40-knot winds and 3-m swells, which required full pro-
pulsion powers to withstand. Because the No. 3 engine
was in disrepair again, power was drawn from the draw-
works by assigning its motor to one of the propulsion
systems. With the weather front around, there was al-
ways the possibility the Challenger would not be able to
maintain station, and the pipe would have to be pulled
rapidly through the casing to save the equipment.

In the meantime, two logs were run, the borehole-
compensated density log and the borehole-compensated
sonic log, over the 280-m interval below the casing.
Again the tools stopped at a shale bridge at a 5760-m
depth. The density logging was completed by 1415 hr,
17 December 1980. The sonic log with natural gamma
ray detector was sent down, but the gamma ray sensor
failed to operate on the way down. The tool was pulled
and replaced with a new one, which apparently func-
tioned well. Three sonic runs were needed to get repro-
ducibility, and the sonic log from the upper part of the
section just below casing was completed at 2208 hr. 17
December 1980.

After the sonic log survey of the interval just below
the casing, the weather calmed and the logging of the
deeper part of the hole was pursued. At 0420 hr. 18 De-
cember 1980, pipe was run in to 5920 m depth with the
help of the Bowen sub to work through the bridges. The
target depth was reached at 0500 hr. and the sonic log-
ging tool was run in. Unfortunately, the tool could get
in only a few meters below the pipe opening, as if the
hole were bridged again. The tool was pulled at 0700 hr.
Upon arriving on deck at 1030 hr., the tool was found
damaged, with the caliper bent and the gamma ray source
spilled out. Apparently the caliper was still opened when
the tool entered the pipe, and it was bent upon contact.
This stress of the jammed caliper plus the stress of trying
to hammer through the bridge with the tool had caused
the logging wire to bend near its head. The wire took
two hours to be repaired, and this slowed up the logging
operation. From 1200 to 1600 hr. the pipe was washed
to the T.D. of the hole to pump out the cuttings with 40
barrels of mud. In this way, we hoped to clear the way
for logging the very bottom of the hole. By 2300 hr. 18
December 1980, the pipe was pulled back up to 6340 m
and the log sent down to the bottom, but the logging
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tool could only penetrate 20 m. Thus the tool was pulled
again and the pipe washed to a deeper ledge at 6430 m.
The density log was sent down to record the log data for
the interval from the deepest point accessible to 30 m
below the pipe. Unfortunately, the logging tool again
settled on a bridge, this time at 6510 m. From this depth
to 6460 m, 50 m of density log was obtained. By 0359
hr. 19 December 1980, the density log over the deepest
accessible interval had been completed with three rather
well-reproducible runs. Time constraints then required
that the tool be pulled, followed by the drill string,
which terminated the operations at Site 534. By 0625 hr.
the logging tool was on deck, followed by the core pipe
at 1645 hr., and Glomar Challenger departed Site 534 at
1700 hours 19 December 1980 to head for the port call at
Ft. Lauderdale. Thus ended the Leg 76 operations.

LITHOLOGY

Blake Ridge Formation (Unit 1)

Only one core was obtained from the Quaternary
Blake Ridge Formation (Jansa et al., 1979) at Hole
534—a mudline test—drilled at 4973 m water depth and
penetrating 2.1 m below the seafloor, with 100% recov-
ery. The lithology is 40 cm of light olive gray and 135 cm
of light greenish gray to bluish gray (5B6/1), slightly
burrowed, foraminifer-nannofossil silty ooze. The ooze
is underlain by 35 cm of greenish gray nannofossil marl.
Smear-slide analysis of Sample 534-1-1, 100 cm indi-
cates about 19% detrital content, 5% nannofossils, and
14% siliceous microfossils. Closer examination of the
nannofossils shows many of them to be reworked from
pre-Pleistocene strata, indicating that some of the sedi-
ment was transported by bottom currents.

This finding appears plausible when compared with
work by Heezen et al. (1966), who hypothesized the ex-
istence of fairly active bottom currents in the vicinity of
Site 534. The sharp color change that occurs at 25 cm in
Section 2 indicates a change in deposition patterns pos-
sibly caused by increased turbidity current and bottom
current activity during the last glacial event, more than
12,000 yr. ago. The increased concentration of pyrite
below this boundary suggests a reducing environment
possibly caused by a greater rate of deposition.

The Holocene/Pleistocene boundary was placed at 40
cm sub-bottom, based on a color change. Foraminiferal
assemblages indicate this boundary to be accurate with-
in the limits of sampling error. A Holocene sedimenta-
tion rate of 3.5 to 4.0 cm/1000 yr., derived from the
above assumptions, suggests moderate detrital input,
possibly through bottom-current transport.

Great Abaco Member (Unit 2)

At Site 534, two holes, 534 and 534A, were drilled in
the Blake-Bahama Basin in water depths of 4973 and
4971 m respectively. Hole 534A was washed from 0 to
531 m, followed by continuous coring. Sediments from
the Great Abaco Member occur in Cores 534A-1 through
18 to a sub-bottom depth of 696.5 m. Total recovery
was 83.5 m, composed mostly of intraclastic chalk, sili-
ceous and calcareous claystone and mudstone, and mi-



nor limestone, all early Miocene (see Fig. 13, back poc-
ket).

Similar and coeval lithologies occur at Site 391, 22
km to the southwest of Site 534. A more extensive Mio-
cene section was spot-cored at Site 391, where five sub-
units (designated 2a-e) were delineated in what was
termed the Great Abaco Member (Benson et al., 1978;
Jansa et al., 1979). Drilling depth and lithologic types
recovered at Site 534 indicate we cored only the equiva-
lent of Site 391 subunit 2e. Thus our cored interval rep-
resents the lowest lithostratigraphic unit of the Great
Abaco Member. Within this unit, continuous coring al-
lowed us to distinguish subdivisions, which are based
mainly on the mode of deposition (i.e., turbidite versus
debris flow versus hemipelagic sedimentation) and less
on lithologic variations.

A total thickness of 160.2 m of lower Miocene mate-
rial was cored at Site 534, of which 83.5 m were recov-
ered (52%). Unit 2 is characterized by interbedded
chalks, intraclastic chalks, and calcareous and siliceous
mudstones, and can be divided into four subunits (la-
beled a-d) on the basis of lithology and mode of deposi-
tion (Figs. 13, 14).

Subunit 2a

Subunit 2a consists mainly of intraclastic chalk inter-
bedded with siliceous and calcareous mudstones and ex-
tends from 545.8 to 566.6 m sub-bottom. The mudstone
beds, on the order of a meter and a half in thickness, are
grayish olive (10Y 4/2) and contain abundant siliceous
microfossils (mainly diatoms and radiolarians) and cal-
careous nannofossils. The intraclastic chalks are marly,
grayish yellow green (5GY 7/2), and contain numerous
1.5- to 3-cm, evenly distributed, elongate, horizontally
oriented clasts. The clasts consist of pale colored (5Y
8/4) chalk and dark brownish gray and dark greenish
gray (5Y 3/2, 5Y 4/4, and 10Y 4/2) muddy siliceous
ooze. The distinct outlines and lack of distortion of
many clasts indicates they were sufficiently lithified at
the time of deposition to resist deformation.

Sedimentary structures and bedding contacts indicate
that the intraclastic chalks were deposited by repeated
debris flows and fluidized grain flows grading upward
into turbidity currents. Some laminated sequences with
sharp tops and bottoms (Fig. 15) may have been depos-
ited, and/or reworked by bottom currents. Between in-
fluxes of chalk, mudstone was deposited, which in some
cases was also reworked by bottom currents.

Subunit 2b

Subunit 2b (566.6-595.0 m sub-bottom) is composed
predominantly of yellowish gray and green (5Y 8/1 and
5Y 6/1) chalk as well as intraclastic chalk, which varies
from yellowish gray (5Y 8/1) to pale olive (10Y 6/2) to
light olive gray (5Y 6/1). The chalk is generally homo-
geneous, although frequently bedded. The intraclastic
chalk is very similar to that in Subunit 2a. Mudstones
are a minor component, with one 4-m interval of sili-
ceous mudstone (11% siliceous microfossils) near the
top of the subunit and thinner intervals of calcareous
mudstone farther down in the subunit.
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Figure 14. Generalized stratigraphic logs showing c»orrela‘tion of rela-
tive thickness, lithologies, and core recovery of the Miocene Great
Abaco Member at Sites 391 and 534.

The chalk beds, especially, show the erosional bases
and graded bedding of partial (sometimes complete)
Bouma sequences indicative of turbidite deposition (Fig.
16). These chalk beds contrast to the relatively rare oc-
currence of turbidite beds in Subunit 2a. Scoured con-
tacts and laminated sequences present in the mudstones
indicate they have been reworked by bottom currents.
The first chalk turbidite encountered at the top of this
subunit has a coarse basal sand composed of Amphiste-
gina foraminifers, indicating transport of some of the
chalk material from a shallow water carbonate platform,
probably the Bahama Banks. These turbidity currents
have scoured down to Eocene rocks and have incorpor-
ated pieces of them as clasts. The nannofossils identified
in the clasts contrast sharply with the Miocene forms
found in the chalk matrix.

Subunit 2¢

Subunit 2¢ (Cores 534A-7-14, 595.0-660.0 m sub-
bottom) is the most variable of the subdivisions noted in
the Great Abaco Member and exhibits a wide range of
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Figure 15. Laminated chalk (light)/siliceous mudstone (dark) sequences with sharp tops and bottoms indi-
cating deposition and/or reworking by bottom currents. (Scale is in cm.) (A. Sample 534A-7-1,

110-125 cm. B. Sample 534A-12-2, 50-80 cm.)

lithologic types. It is dominated by interbedded light
colored chalks and olive gray mudstones. Intraclastic
chalk comprises most of Core 534A-10 but otherwise is
a minor constituent. Other minor lithologies found in
this subunit include light gray (N7) limestone cobbles
containing abundant sand-sized clasts of bluish green
gray (5BG 5/1) mudstone; variegated medium bluish
gray (5B 5/1) to dark olive gray (5Y 3/1) muddy porcel-
lanite; and bioturbated, olive gray (5Y 4/1) diatoma-
cequs mudstone.
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The calcareous mudstones and some of the siliceous
calcareous mudstones exhibit sedimentary structures in-
dicative of turbidite deposition. The turbidite units are
stacked one on top of the other and in some cases (Cores
534A-7 and 14), the basal layers are composed of fine to
medium sand-sized grains. The siliceous mudstones show
little or no evidence of current reworking. In Cores
534A-10 and 13, a different depositional mechanism is
evident—debris flows. The slumps and convolute bed-
ding are especially obvious in Core 13, and lithologic
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Figure 16. A. Sample 534A-4-2, 11-63 cm—nearly complete Bouma sequence with intervals a
through d present, indicating deposition by a turbidity current. (Dark clasts are composed
of siliceous mudstone. Light spots are benthic foraminifers and other carbonate grains.)
B. Sample 534A-7-1, 55-75 cm—close-up of erosional base and graded bedding of coarse
foraminifer turbidite deposited on top of siliceous mudstone. (Scale for A. and B. in cm.)
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variation is more pronounced (includes intraclastic chalk,
shallow-water foraminifer chalk, siltstone, and mud-
stone).

Subunit 2d

Subunit 2d is a relatively uniform sequence of green-
ish gray (5GY 6/1) chalk and intraclastic chalk compris-
ing Cores 534A-15 to 18 (660.0-696.5 m sub-bottom).
The density of clasts and overall grain size increase
downward. Clast size increases from 0.5 cm in Core 16
to 2 to 3 cm near the base of Core 17, and the texture
varies from a mudstone to a calcareous sandstone or
even a calcareous conglomerate. Clasts are of three
main types: dark greenish gray (5G 4/1) and medium
bluish-green gray (SBG 5/1) siliceous mudstone; yellow-
ish gray (5Y 7/2) limestone; and light pinkish gray (SYR
8/1), angular foraminifer-rich carbonate grains of shal-
low-water origin. The base of Core 17 also contains a
35-cm limestone clast and a 2-cm pyrite nodule. The
structures, textures, and composition of these four cores
indicate that deposition was by a combination of debris
flow and turbidite, approximately 30 m thick.

The boundary between Subunits 2c and 2d at 660 m
coincides with the only significant change in physical
properties observed in the Great Abaco Member. Below
this boundary, porosity is lower and density is higher,
possibly reflecting either the massive debris flow and
turbidite origin of Subunit 2d or diagenetic alteration
(cementation) of the subunit.

Discussion

The same lithologic succession cored in Hole 534A
was also recovered at Site 391 on DSDP Leg 44 (Benson
et al., 1978). The Miocene section recovered at Site 391
was divided into five subunits, and the interval cored in
Hole 534A can be correlated with Subunit 2e from Site
391 (Fig. 14). Site 391 is 22 km southwest of Site 534, is
closer to the possible source of the turbidites and debris
flows, and is somewhat shallower (about 60 m) than
equivalent levels at Site 534. Poorer recovery at Site 391
makes detailed correlations difficult, but broad se-
quences of lithologic types plus nannofossil zones can
be correlated between the two sites,

Our evidence corroborates the ideas put forth by Ben-
son et al., (1978) concerning the intrabasinal origin of
the mudstone clasts contained in the chalks. Their simi-
larity in age and lithology to the interbedded siliceous
mudstones present elsewhere in the section indicates this
lithology was the ‘‘background’’ pattern of sedimenta-
tion into which the calcareous material was introduced.
Shallow-water and slope carbonates, transported by
gravity-flow processes into the Blake-Bahama Basin,
eroded and incorporated pieces of siliceous mudstone
that became the clasts in the intraclastic chalks. Contin-
uous ‘‘background’” sedimentation and periodic pulses
of carbonate flows produced the observed interbedded
lithologies.

Bermuda Rise Formation (Unit 3)

Approximately 27 m of the Bermuda Rise Forma-
tion, dated as late Eocene, were cored at Hole 534A, of
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which 8.4 m were recovered, representing about 31%.
The upper boundary of the Bermuda Rise Formation at
this site is taken where the varicolored siliceous clay-
stones are overlain by nannofossil-chalks and redeposit-
ed facies typical of the Miocene Great Abaco Member
(Core 18). The unconformity at the top of Unit 3 was
not recovered in a single core. The low recovery of the
Bermuda Rise Formation prevents any subunits from
being recognized. The lower boundary of the Bermuda
Rise Formation at Site 534 is taken to be at the top of
Core 22. This boundary shows up as a prominent densi-
ty contrast in the well logs, but is otherwise arbitrary, as
recovery is poor and the lithologies are transitional. The
uppermost facies of the Plantagenet Formation, seen in
the lower part of Cores 23 and 24, although also varicol-
ored claystone, appears to be less siliceous and zeolitic
in comparison with the Bermuda Rise Formation.

Lithologic Description

(1) Claystones and Fine-Grained Siltstones

Volumetrically, the Bermuda Rise Formation sedi-
ments recovered consist almost entirely of greenish clay-
stones (>90%) (e.g., Fig. 17B). Colors recorded include
pale yellowish green (10GY 7/2), grayish olive green
(5GY 3/2), yellowish green (6GY 3/2), yellowish gray
(6GY 7/2), dusky yellowish green (SGY 5/2), olive (10Y
5/2), and exceptionally very pale orange (10YR 8/2) to
medium gray (N6).

The fine-grained siltstones that are volumetrically
minor are mostly finely parallel laminated with occa-
sional intervals up to 7 cm thick that show normal grad-
ing, small-scale ripple cross lamination and convolute
lamination (e.g., Samples 534A-20-1, 90-97 cm; 534A-
20-2, 40-48 cm and 70-78 c¢m). Approximately 23 to
30% of the cored claystones are moderately to strongly
bioturbated (e.g., Sample 534A-20-1, 30-37 cm, 60-70
cm, and 110-120 cm). Core 20, Section 3 is entirely mot-
tled, most likely due to burrowing.

In smear slides, the claystones, textually, contain up
to 20% sand and 40% silt, the rest being clay. Composi-
tionally, clay predominates (15-64%), with a marked
occurrence of zeolite (up to 74%). Quartz reaches 15%
in Core 19. Calcareous nannofossils range up to 10% in
the claystones. Several smear slides contain well-pre-
served radiolarians. Minor constituents, also present in
the smear slides, include feldspar, mica, glauconite, un-
specified carbonate, pyrite, goethite, zircon, and sphene.

Two samples of claystone from Core 20 were subject-
ed to whole-rock X-ray diffraction on the ship. Section
1, at 135 cm, consists (in decreasing order of approxi-
mate abundance) of quartz, clinoptilolite, smectite, and
mixed-layered clays, with minor calcite in addition. Sec-
tion 2, at 114 cm, was found to contain clinoptilolite,
smectite, and mixed-layered clays (minor constituents
are quartz, feldspar, and calcite). On this basis the zeo-
lite in the smear slides is identified as well-crystallized
clinoptilolite. The initial suggestion that volcanogenic
material was present (e.g., devitrified volcanic glass,
plagioclase, etc.) was not confirmed by more careful ex-
amination of the smear slides at high magnifications.
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Figure 17. Close-up photographs of cores of the Bermuda Rise Formation. A. Sample
534A-20-3, 10-35 cm. (Typical varicolored claystone. Note the dark gray mottling
due to bioturbation and the diffuse medium gray, circular areas that are reduction
spots.) B. Sample 534A-19-2, 60-85 cm; calcareous siltstone (75-85 cm) within
typical varicolored claystone. (Note the Bouma sequence [grading, parallel at con-
volute lamination], diagnostic of turbidity current deposition.)

Most of the material tentatively identified as devitrified
volcanic glass is probably fine-grained clinoptilolite, as
confirmed by the X-ray diffraction.

(2) Silty Micritic Chalk

Although almost all the claystones are moderately
calcareous (they fizz gently in 5% HCI), a smear slide of
one gray green sediment from Core 19, Section 2 (79
cm) was found to contain 60% unspecified carbonate
(calcite) that has undergone extensive recrystallization,
A thin section from Core 19, Section 2 at 46 cm was
found to be a quartz-silt-rich pelmicrite (wackestone)

containing glauconite. Both intervals are characterized
by grading and parallel and convolute lamination.

Interpretation

The sedimentary structures in the typical greenish
claystones (parallel lamination, burrows, etc.) point to
slow condensed deposition, possibly affected by some
reworking through bottom currents. The microfossils
show that accumulation took place above the carbonate
compensation depth, at least for calcareous nanno-
plankton. Several thin intervals of calcareous siltstones
and silty micritic chalk, described earlier, show struc-
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tures identified as b-c-d-e, c-d-e, and d-e intervals of
Bouma sequences of turbidites. The redeposited quartz
silt material is of terrigenous, continental origin. Many
of the samples contain poorly to well preserved radiolar-
ians, indicative of high productivity of siliceous plank-
ton in the late Eocene, as recorded at Hole 534A. Dur-
ing diagenesis, these radiolarians were partly or com-
pletely converted to chalcedonic quartz, associated with
the formation of substantial volumes of well-crystal-
lized clinoptilolite; whether or not any volcanic material
is involved is not yet known. The origin of the green col-
or may reflect the presence of glauconite and reduced
ion (Fe2+). By contrast, the pale orange (10YR 8/2)
claystones, which contain goethite, may reflect more ox-
idizing bottom conditions. Additional mineralogical and
chemical data are clearly needed to understand more
fully the deposition and diagenesis of those unusual
sediments.

Regional Comparisons

The Bermuda Rise Formation was not cored at Site
391 (Benson et al., 1978), which was interpreted to be
the result of erosion rather than nondeposition. Else-
where (Fig. 18), the formation has been cored on the
Bermuda Rise (Sites 387, 386, 6, 7, and 9), eastwards
toward the Mid-Atlantic Ridge (Site 10), between the
Sohm and Hatteras abyssal plains (Site 8), at Vogel Sea-
mount (Site 385), and on the continental rise (Site 106)
(discussed by Jansa et al., 1979). At all these sites, the
Bermuda Rise Formation is siliceous. The age is latest
middle Eocene to latest Eocene. Marked regional com-
positional variation exists. At the type locality (Site
387), the cherts and associated sediments are greenish
gray (5V42) to olive gray (5G 5/1), in contrast to the
varicolored greenish claystones cored from Hole 534A.
In this regard, these claystones are more comparable
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Figure 18. Location of holes that have penetrated the Bermuda Rise Formation. (Formation thickness [m] is shown in parentheses. Note that 27 m of
the Formation were drilled at Site 534, in contrast to Site 391, where the Bermuda Rise Formation is not present.)
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with the upper Eocene varicolored clays cored at Site 28
on the Antilles Outer Ridge, which lies between the
north wall of the Puerto Rico Trench and the Nares
Basin to the north (Bader et al., 1970).

Plantagenet Formation (Subunit 4a)

Variegated, locally zeolitic, noncalcareous claystones
overlying the black claystone of the Hatteras Formation
are identified as Plantagenet Formation (Jansa et al.,
1979). The upper boundary of the Plantagenet Forma-
tion is represented by a facies change from variegated
claystone typical of the Plantagenet Formation to most-
ly greenish zeolitic and cherty sediments of the Bermuda
Rise Formation. This boundary is tentative because of
poor recovery, but future micropaleontological study
may clarify the problem; therefore in this report we de-
fine the boundary to be between Cores 21 and 22, in
view of the density contrast seen in the well logs.

The transition from the Plantagenet to the top of the
Hatteras Formation is taken to occur at the increase in
organic carbon and at the color change to black and
green. This transition is also confirmed by a paleonto-
logical hiatus.

The Plantagenet Formation consists mainly of varie-
gated claystones of reddish brown (10R 5/4), dark yel-
lowish orange (10YR 6/6), greenish gray (5GY 4/1), and
medium bluish gray (5B 5/1) colors and extends from
723.5 m in Core 22 to 764.5 m sub-bottom in Core 26
(41.0 m thick). The main detrital minerals are quartz,
feldspar, and mica. The clay minerals on the whole rock
basis consist of abundant illite and subordinate amounts
of quartz, smectite, and kaolinite. Authigenic minerals
are not observed by the bulk sediment X-ray analysis.
Mica flakes observed in a washed paleontological sam-
ple (534A-24-4, 42 cm) are identified as illite by X-ray
and microscopic observation. Sedimentary structures
are rare, except for a few parallel laminations in places.
The variegated intervals record oxidation of bottom
sediments that presumably took place during periods of
slower sedimentation and may have been aided by peri-
odically intensified, deep-oceanic circulation. This con-
clusion is supported by the observation of a few milli-
meter-thick silty layers composed mainly of quartz and
feldspar. Calcium carbonates in the silty layers may be
dissolved. Also, the clay minerals are composed of a
weathering-resistant suite, such as illite, kaolinite, and
mixed-layered clays.

A very small volume of porcellanite recovered in the
core catcher of Core 23 is dark yellowish (10YR 4/4)
with a vitreous conchoidal fracture, showing patches of
incomplete silicification.

In thin section, the porcellanite from Core 23 is a
partly silicified, marly, planktonic foraminiferal chalk.
Planktonic foraminifers and radiolarians are densely
packed with a micritic clay-rich matrix that has been
mostly converted to fine-grained chalcedonic quartz,
with segregations of opaque particles. The radiolarian
shells have almost been converted to chalcedonic quartz.
Some isotropic silica (?0pal C) persists within foramini-
fer shells.
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Hatteras Formation (Subunits 4b-d)

The upper boundary of the black claystone of the
Hatteras Formation is represented by a hiatus that
shows a strong facies change from black claystone of
the Hatteras Formation to variegated claystone of the
Plantagenet Formation. The Hatteras Formation can be
subdivided into three subunits based on the whole-rock
clay mineralogy and a variegated interval (Subunit 4c) in
the middle. The upper subunit (4b) is characterized by
comparative abundance of smaller clay mineral sizes
(smectite) and marine organic matter, both of which
favor depositions toward the open sea. On the other
hand, the lower subunit (4d) is represented by abun-
dance of primary clay types (illite, mixed layered) and
terrestrial organic matter, The lower boundary of the
Hatteras Formation is rather arbitrary; it is placed
where the calcium carbonate content in the background
pelagic sediment (identified by the presence of burrowed
layers) exceeds over 20%, according to the definition of
the CCD (van Andel, 1975).

A total of 185.5 m of the Hatteras Formation was
penetrated from 764.5 to 950.0 m sub-bottom.

Subunit 4b

Subunit 4b, at the top of the Hatteras Formation, is
composed predominantly of carbonaceous claystone of
black (N1), grayish black (N2), dark gray (N3), and
greenish black (5GY 2/1) color and interbedded silty
claystone, dark greenish gray (5GY 4/1) and greenish
gray (5GY 6/1) in color. The upper parts of the subunit,
from Cores 27 to 30 (764.5-802.5 m sub-bottom), are
dominantly silty claystones except Core 29, where the
carbonaceous abundance peak is recognized. This peak
may support previous work, which suggested a relative-
ly high content of marine organic matter (Tissot et al.,
1979). In the silty claystone-rich interval, the carbona-
ceous claystones range from 2 to 30 cm in thickness,
whereas interbedded silty claystones are 5 to 50 cm in
thickness (Fig. 19). The sedimentary structures in the
upper part are obscure, The millimeter-thick lenticular
and wavy laminations in the background (burrowed) silty
claystones are observed. One of these silty stringers is
composed of illite, kaolinite, and dolomite, with quartz
and feldspar, indicating a detrital origin (Core 27, Sec-
tion 1, 14 cm). Attapulgite is also found in a silty string-
er (Core 36, Section 1, 60 cm). On the smear slide, silty
stringers in the background sediment are composed of
quartz, feldspar with the presence of microcline, and
blue amphibole of metamorphic origin (Fig. 20). The
lower part of the subunit, from Cores 31 to 39 (802.5-
887.0 m sub-bottom), is composed mainly of carbona-
ceous claystones of 2 to 60 cm in thickness. They are
black (N1), grayish black (N2), dark gray (N3), and
greenish black (5GY 2/1). Macroscopic pyrite concre-
tions occur in places. Interbedded silty claystones are
dark greenish gray (5GY 4/1) and greenish black (5GY
2/1), and range from 1 to 50 cm in thickness (Fig. 21).
Abundance of smectite and kaolinite in the clay frac-
tions characterizes the subunit and may suggest pedo-
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Figure 16. Carbonaceous claystone, Sample 534A-29-2, 59-92 cm.
(Black [N1] carbonaceous claystone, 59-74 cm; dark grayish green
[SGY 4/1] silty claystone with lenticular and mottled laminae,
74-80 cm; grayish black [N2] silty claystone with numerous flaser-
type laminae, 80-92 cm.)
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Figure 20. Carbonaceous claystone, Sample 534A-34-2, 1-26 cm.
(Grayish black [N2] clay-rich carbonaceous claystone, 1-8 cm,
12-15 cm and 17-21 cm. Dark greenish gray [SNG 4/1] calcareous
siltstone with vague parallel lamination and pyrite concretion,
8-12 cm. Concentration of many silty layers composed mainly of
quartz, with a small amount of recrystallized calcite, 15-17 c¢m.
Greenish black [5G 2/1] claystone with numerous intercalations of
flaser-type silt layers, 21-26 cm.)

genic genesis of these clays on the land, controlled by a
hot and humid climate (Chamley, 1979). Calciturbidites
up to 30 cm in thickness occur frequently.

Subunit 4¢

Subunit 4c¢ is composed of variegated claystones of
yellowish red (10R 4/2), dark yellowish brown (10YR
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Figure 21. Carbonaceous claystone, Sample 534A-38-2, 125-148 cm,
(Black [N1] homogeneous carbonaceous claystone with a few lami-
nae only in the upper part, 130-136 cm. Olive gray [SY 4/1] calci-
turbidite with climbing ripples, 136-140 cm. Dark greenish gray
[5G 4/1] calcareous silty claystone, becoming siltier toward the
bottom, 140-144 c¢m. Greenish black [5G 2.1] silty claystone with
numerous flaser-type silty stringers, 125-130 and 145-148 cm.)
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4/2), moderate brown (5YR 3/4), grayish olive (10Y
4/2), and greenish gray (6GY 6/1) colors. The interval
spans from Cores 40 to 42 (887.0-914.0 m sub-bottom).
The thickness of the bed is 27.0 m. Illite and mixed-lay-
ered clays are only recognized in the whole-rock sample
analysis. Color change and resistant clay compositions
indicate slow or winnowing deposition for this interval.
One of the characteristics of the subunit is frequent oc-
currences of silty layers (millimeters thick) of turbidite
origin (Fig. 22). In one sample, attapulgite is recognized
(Sample 534A-41-5, 90 cm). In the background sedi-
ments, small burrows are frequently observed and spor-
adic occurrences of wavy or flaser-type laminations are
noted. In the lower part of the subunit a few carbona-
ceous claystones of 2 to 7 cm thickness are intercalated.
They are dusky brown (5Y5 2/2) to dark greenish gray
(5GY 6/1) in color.

Subunit 4d

The lower part of the Hatteras Formation, Subunit
4d, consists of two carbonaceous cores in the upper and
two calcareous claystone cores in the lower parts. It
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Figure 22. Variegated claystone, Sample 534A-41-6, 36-54 cm. (Mod-
erate brown [5Y 3/4] claystone, 36-43 cm. Graded quartzose
siltstone, 41 and 49.5 cm. Olive gray [5Y 3/1 to 4/1] claystone with
numerous elongated lenticular beds of burrows, 44-54 cm.)
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spans Cores 43 to 46 (914.0-950.0 m sub-bottom). The
carbonaceous claystones are greenish black (5G 2/1)
and olive black (5Y 2/1) to dark gray (N3) and are 2 to
25 cm in thickness. Silty stringers are abundantly inter-
calated, and pyrite concretions are occasionally observed
in the black portion. The background silty claystones
are dark greenish gray (5GY 4/1) and olive gray (5Y
4/1), and range from 3 to 70 cm. Burrows and wavy
laminae are present, but burrows tend to be concen-
trated in olive gray (5Y 4/1) calcareous claystone. (Clay
minerals are characterized by illite and mixed-layered
clay on the whole-rock analysis. The lower part of the
subunit is characterized by the presence of laminated
calcareous claystones that range from 10 to 15 c¢cm in
thickness. The percentage of the calcareous claystones
reaches 28% of the core at the bottom of the subunit.
Calciturbidites up to 15 cm thick are present. Thus the
subunit is transitional into the carbonate facies of Unit 5
below. During the deposition of Subunit 4d, calcium-
carbonate accumulation decreased drastically. The ter-
mination of the carbonate accumulation might have
been caused by the rapid lowering of the CCD starting
at the end of the Barremian (Tucholke and Vogt, 1978).
Yet little terrigenous material was supplied to Hole
534A except terrestrial organic carbon. As a result, ter-
restrial organic carbon content reached the highest level
in this interval (Habib, this volume).

Blake-Bahama Formation (Unit 5)

In Hole 534A, 392 m of the Blake-Bahama Forma-
tion were cored (Cores 47-92), of which 298.4 m were
recovered (76%). The upper boundary of the Formation
is at the top of Core 47 where the in situ background
sedimentation becomes calcareous, marked by the pres-
ence of well-cemented chalks. Below the boundary, the
abundance of carbonaceous claystone progressively di-
minishes. The exceptionally high recovery of the Blake-
Bahama Formation makes it possible to investigate in
considerable detail depositional trends in the Early Cre-
taceous. Four distinct subunits, based on relative abun-
dance of lithologies, are recognized and correlated with
the type section of the Formation at Site 391 (Jansa et
al., 1979). Distinctive intervals within the individual
subunits are discussed later. The lower boundary of the
Blake-Bahama Formation is located at the top of Core
92, where typical gray limestones pass into pink and red
limestones and claystones characteristic of the Cat Gap
Formation.

General Lithologic Description

In contrast to the overlying Hatteras Formation, al-
most all the lithologies of the Blake-Bahama Formation
are calcareous. In approximate order of abundance, the
lithologies are nannofossil-radiolarian micritic lime-
stone, nannofossil chalks and marls, claystones, quartz-
ose and calcareous siltstones, quartzose sandstones, and
minor chert. Subunit 5a of the Hauterivian to the early
Barremian ranges from Core 47 to 64. Starting with a
transitional facies from the Hatteras Formation, which
gives way downward to a sequence characterized by in-
tercalations of quartzose and calcareous siltstones and
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sandstones, Subunit 5a shows structures indicative of
turbidity current deposition (which is discussed later).
Below this sequence, Subunit 5b (Cores 65-75) is marked
by very finely laminated calcareous nannoplankton marls
and chalks interstratified with bioturbated chalks con-
taining minor intercalations of siltstones and claystones.
Subunit 5¢ (Cores 75-84) is more heterogeneous, and is
composed of interstratified, parallel laminated nanno-
fossil chalks, bioturbated limestones, and minor clay-
stones and siltstones. Lastly, Subunit 5d (Cores 84-92)
is marked by more uniform, well-cemented limestones
with only minor claystone partings and laminae. The
Cat Gap Formation begins where the limestones and
claystones change from gray to mostly pink and red.

Subunit 5a (Cores 47-64; 950-1107 m
sub-bottom depth)

It is in Core 47 the in situ sediments, carbonaceous
claystones, become markedly calcareous. Cores 47 to 49
constitute a transitional facies dominated by calcareous
claystones, nannofossil claystones, and minor dolomitic
limestones. Thin intercalations of dolomitic limestone
and carbonaceous claystones (olive black 5Y 2/1) are
reminiscent of the lower part of the Hatteras Forma-
tion. Sedimentary structures in this interval include par-
allel lamination and burrowing in subordinate intervals;
scattered pyrite nodules are present. Smear slides con-
firm that, in contrast to the Hatteras Formation, well-
preserved calcareous nannofossils are abundant. Several
thin limestone intercalations (e.g., Core 48, Section 1,
98 cm), which are carbonaceous, are seen in thin section
to be radiolarian micrites (wackestones) with scattered
grains of quartz and calcite, compositionally very simi-
lar to redeposited material in Subunit 4d of the overly-
ing Hatteras Formation.

Beginning at Core 49, it is clear that the majority of
calcareous claystones, some of which are carbonaceous,
are typically massive, graded, and unburrowed, often
pyrite-rich. The thickness of individual beds of calcare-
ous claystones rarely exceeds 15 cm; 5 to 10 cm is typ-
ical. Thin sections show that the calcareous claystones
that occur throughout Subunit 5a are typically wacke-
stones, with 15% micritic pellets, 3% quartzose silt,
75% clay matrix, 5% organics, and 2% pyrite.

From Core 51 downward there is progressively great-
er abundance of quartzose and calcareous siltstones and
sandstones, showing grading, parallel and convolute
lamination, and other features diagnostic of Bouma se-
quences of turbidites. For example, in a thin section
of Core 51, Section 1, 139-141 cm, marly nannofossil
chalk is seen to be a radiolarian micrite, with bioclasts
of shallow-water carbonate material. The bioclasts in-
clude ooids, pisoliths, calcareous and algal fragments,
together with micritic pellets and rare quartz grains. Of
note is a thin section of Core 52, Section 1, 71-73 cm
which contains a single grain of feldspathic basalt. The
turbidites reach greatest thickness and relative volume
in Core 58. In this core the turbiditic intercalations reach
1 m in thickness, with Bouma a-e units and combina-
tions thereof. Section 2 of this core contains an intra-
clastic-bearing, debris-flow interval containing intra-



clasts of claystone (Fig. 23). Petrographically, the turbi-
dites and the debris-flow component in this section con-
tain variable admixtures of shallow-water carbonate
and terrigenous quartzose material. For example, the
terrigenous components of the sandstones (e.g., Core
58, Section 13, 127 c¢m) contain (in approximate order
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Figure 23. Subunit 5a—convolutely laminated dolomite, sandy lime-
stones, and claystones. (The convolute lamination, which is attrib-
uted to slumping, occurs in the thickest turbidite intervals toward
the base of Subunit 5a. Note the lower part [22-32 cm] is the base
of a 1-m-thick turbidite intercalation. Finely laminated claystones
are seen near the top [10-16 cm]. Sample 534A-58-2, 10-32 ¢cm.)
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of abundance) quartz, muscovite, plagioclase, biotite,
orthoclase, microcline, perthite, hornblende, epidote,
and other heavy minerals, including zircon. In general,
compared to the sandstones, the siltstones contain much
greater volumes of muscovite and biotite. After the ze-
nith of turbidite and debris-flow deposition in Core 58,
the turbidites gradually wane in thickness, volume, and
grain size, Downward, the thinner redeposited intervals
tend to contain more calcareous than terrigenous mate-
rial. For example, Core 59, Section 1, 100 cm, consists
of micritic pellets, echinoderm plates and spines, shells,
and rare benthic foraminifers without redeposited plat-
form carbonate material.

Thin, intercalated, turbiditic calcareous claystones
persist throughout Subunit 5a, becoming particularly
abundant toward the base. Typically these claystones
are greenish gray (5G 6/1). When viewed at high magni-
fication, almost all the claystones are graded, the bot-
tom 1 to 3 mm being silty. These claystones are invari-
ably massive or contain very small-scale Chondrites bur-
rows. Smear slides show that these claystones typically
contain well-preserved calcareous nannofossils, in con-
trast to the interbedded nannofossil marls and lime-
stones, Notably, all the dark gray to black carbonaceous
intervals in Subunit 5a are associated with the graded
calcareous claystones. In smear slides, organic matter
ranges up to 21% but is normally very much less
(< 10%). The organic material is in the form of anhe-
dral lumps, intepreted as residual reworked organic
matter,

Interpretation

The calcareous claystones and marly nannofossil
chalks at the top of the Blake-Bahama Formation mark
the last sediment to be deposited well above the carbon-
ate compensation depth before the shallowing of the
CCD during deposition of the Hatteras Formation. Car-
bonaceous claystone intercalations characteristic of the
Hatteras Formation decrease downward in number and
thickness; this may represent a lesser supply of organic
matter to the basin during the Early Cretaceous or dilu-
tion of the same organic input by carbonate. The cal-
careous claystones are redeposited pelagic sediments
dominated by clay and calcareous nannofossils. Nota-
bly, all the organic material in this subunit is associated
with these turbiditic claystones. The source area may be
the continental rise. In marked contrast, the thicker,
coarser, and less persistent silt- and sand-sized turbidites
represent a mixture of terrigenous and shallow calcare-
ous material transported into the basin by turbidity cur-
rents. The terrigenous material was ultimately derived
from plutonic igneous and metamorphic source areas.
The assemblage of calcareous bioclasts is typical of a
carbonate platform. The single intercalation of debris-
flow material may present a violent event (e.g., earth-
quake, slump, or storm) in the source area. In general
the gradual increase, then decrease, of the turbidites
could reflect some combination of changes in sea level,
rapid subsidence of the site, or tectonic movements in
the source area.
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Subunit 5b (Cores 65-75; 1107.5-1202.2 m
sub-bottom depth)

After Core 64, the turbiditic siltstones are reduced to
minor graded partings that are volumetrically insignifi-
cant. Subunit 5b, Valanginian-Hauterivian, is character-
ized instead by rhythmical intercalations of finely paral-
lel-laminated marly chalks, bioturbated chalks, and mi-
nor graded claystones up to 5 cm thick, similar to those in
Subunit 5a. Typically, the marly chalks and nannofossil
chalks range from medium light gray (N4) to light gray
(N3) and light olive gray (5Y 6/1). These characteristic
chalks are invariably very finely laminated, generally
totally unburrowed (Fig. 24). The laminated unburrowed
units, often 10 to 30 cm thick, alternate with moderately
to very highly burrowed nannofossil chalks and lime-
stones in which there is either no lamination or else a
vague lamination is preserved. By Core 67, the last tur-
biditic quartzose siltstones from Subunit 5a have disap-
peared. Thin, graded claystones persist, however; some
are carbonaceous, as in Subunit 5a (e.g., greenish black
5G 2/1). Typically the burrowed intervals tend to be
composed of purer carbonate than their finely laminat-
ed counterparts (e.g., up to 70%) as seen in a smear
slide from Core 67, Section 1, at 50 cm. Particularly
after Core 68, the burrowed material tends to be better
cemented and transitional to limestones, whereas the
laminated intervals are invariably marly nannofossil
chalks. From Core 69 downward, the burrowed lime-
stones are typically medium light gray (N4) to dark
greenish gray (5GY 4/1) or dark gray (N3) to light blu-
ish gray (5B 8/1). A notable feature is the presence of
numerous calcispheres up to 2 mm in diameter. In thin
section, these calcispheres are seen to be calcified radio-
larians that may be moderately to highly abundant.
Radiolarians are also abundant in the finely parallel-
laminated chalk intervals, but in this case the radiolar-
ian shells are usually elliptical due to compression dur-
ing diagenesis. Occasional radiolarians that are partly
to completely pyritized are always perfectly spherical;
Freeman and Enos (1979) made a similar observation at
Site 391. In Subunit 5b, chert is extremely rare but is
found as occasional nodules, for example, in Core 69,
Section 1, 5-10 cm. The fine lamination that character-
izes these radiolarian-nannoplankton chalks becomes
almost invisible when viewed in thin section. Many of
the fine laminae are associated with relatively greater
concentrations of quartz, and particularly mica. By con-
trast, the paler bands contain proportionately more car-
bonate. Poorly preserved radiolarians tend to be ellipti-
cal in the thicker dark laminae that contain more terrig-
enous material, whereas they are more spherical in the
paler, more carbonate-rich laminae.

Interpretation

Subunit 5b is characterized by intercalations of very
finely laminated marly radiolarian nannofossil chalks,
bioturbated chalks, and limestones with minor claystone
and siltstone partings. The lamination is unusual in its
regularity and persistence over long intervals. The gen-
eral aspect is reminiscent of lacustrine-type lamination.
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Figure 24. Subunit Sb—characteristic alterations of pale gray to dark
gray, finely laminated nannoplankton chalk. (The dark laminae
are relatively enriched in organic matter, mostly of terrigeneous
origin, Note the massive dark gray claystone at 57-66 cm. Thisis a
graded turbidite component mostly of clay and well preserved
calcareous nannoplankton. Sample 534A-66-5, 55-77 cm.)



An understanding of the origin of the lamination must
await more detailed studies, but factors that could gen-
erally play a role include (1) subtle changes in input of
terrigenous material, perhaps related to major storms,
earthquakes, and so on; (2) cyclical changes in produc-
tivity in calcareous and/or siliceous plankton; (3) cur-
rent reworking; (4) diagenetic remobilization of calcite;
and (5) differential compaction during diagenesis. From
sedimentation rate calculations, the laminae occur at 20-
to 50-yr. intervals. Notably, the finely laminated units
are virtually totally unburrowed. Many of these inter-
vals are gray due to an abundance of organic matter,
The obvious interpretation is that bottom conditions
were reducing and thus hostile to bottom life. By con-
trast, the very highly burrowed intercalated limestones
presumably document periods of relatively oxidizing
bottom conditions, possibly related to deposition below
the oxygen minimum zone. In this context it is worth
pointing out that the generally higher content of carbon-
ates in these burrowed intervals may reflect the utiliza-
tion and removal of organic matter by the burrowing or-
ganisms during periods of more oxidizing conditions.
The thin graded claystones closely resemble those in
Subunit 5a; they are again interpreted to be the result of
redeposition of mostly pelagic calcareous nannofossil
and radiolarian-rich material, with only minor terrigen-
ous material concentrated in the several millimeter-thick
graded base of individual beds. As noted earlier, a few
turbiditic siltstones persist from Subunit 5a; the carbon-
ate in these is mostly shelly micrite rather than carbon-
ate platform material, as in Subunit 5a.

Subunit 5¢ (Cores 76-83; 1202.0-1268.0
sub-bottom depth)

Subunit 5¢, late Berriasian-Valanginian, is character-
ized by essentially the same lithologies as Subunit 5b,
but the assemblage is more heterogeneous from core to
core. One distinct difference is that the burrowed inter-
vals are limestones, in contrast to the chalks that pre-
dominate over limestones in Subunit 5b (Fig. 25). In
general, the subunit consists of thinly parallel-laminated
marly chalks, bioturbated limestones, thin graded cal-
careous siltstones, and intervals marked by a return of
graded calcareous siltstones, as in Subunit 5a.

The finely parallel laminated intervals are almost
identical to those in Subunit 5b. Colors range from light
olive gray (5Y 6/1) to olive gray (5Y 4/1), medium dark
gray (N4), and dark gray (N3). Some of the darker par-
allel laminated intervals contain distinctly carbonaceous
claystone partings up to 0.3 cm thick. Again, conspic-
uous calcite grains are found, in thin sections, to be
calcite-replaced radiolarians that have been flattened.
The burrowed limestones may or may not show traces
of parallel lamination. Stylolites appear and become
generally more abundant downward, occurring only in
relatively clay-poor limestones. Larger burrows are of-
ten filled with micritic pellets, possibly of fecal origin.
Calcareous claystones, similar to those in the overlying
units, are again present in Subunit 5c. Colors are dark
greenish gray (5G 4/1) to olive gray (10Y 4/2), typically
graded and free of burrows. The proportion of parallel-
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Figure 25. Subunit 5c—typical alternation of pale to dark gray finely

laminated nannoplankton chalks and highly bioturbated nanno-

plankton radiolarian-rich limestones. (Sample 534A-74-1, 30-60
cm.)

laminated bioturbated limestones and claystones differs
markedly from core to core, in contrast to Subunit 5b,
where the relative abundances of these lithologies are
much more uniform. Core 73, for example, contains
few thin burrowed intervals; there are more calcareous
claystones relative to Cores 72 and 74. By contrast, bur-
rowed limestones are relatively much more abundant in
Core 75. Core 76 is marked by the return of turbiditic
claystones, whereas Core 77 has more burrowed inter-
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vals, recalling the situation in Core 74. Cores 78 and 79
are distinctly dominated by parallel-laminated claystones
with only volumetrically minor burrowed limestones.

Thin sections show that the bioturbated limestones
are nannoplankton radiolarian micrites, in which, as in
Subunit 5b, the radiolarians are entirely replaced by cal-
cite or pyrite. Rare quartz grains are present and minor
volumes of phosphate. In the finely laminated chalk
intervals radiolarians are again moderately to highly
abundant. Some of the individual pale laminations com-
prise fused, en echelon, flattened radiolarian shells re-
placed by calcite. In other cases the laminations are
characterized by subtle variations of carbonate and fine-
grained terrigenous material, as in Subunit 5b.

Interpretation

Subunit 5¢ comprises similar lithologies to those of
Subunit 5b, but it is markedly more heterogeneous in
detail. Also, the bioturbated intervals tend to be com-
posed of limestone rather than the chalk in Subunit 5 in-
tervals, where diagenesis is less advanced. Variations in
the relative volumes of the various lithologies in in-
dividual cores may reflect some combination of changes
in sea level, climate, and sedimentation rate, with oxy-
genated versus reduced seafloor conditions. The differ-
ent variables operating in Subunit 5¢ can only be dis-
entangled by postcruise laboratory studies, particularly
of mineralogy and chemical analysis, One notable point
is that the spherical shape of the calcite-replaced radio-
larian shells in the bioturbated limestones indicates that
they were cemented prior to the occurrence of signifi-
cant compaction; in marked contrast, the radiolarian
shells in the parallel-laminated chalks are strongly flat-
tened, indicating that significant compaction had taken
place prior to lithification. The difference in time of
lithification correlates with the relative abundance of
clay; fine-grained clays that are abundant in the finely
laminated chalks are known to inhibit diagenetic car-
bonate cementation. Another notable point is that de-
spite the abundance of radiolarians, chert is extremely
rare. This factor suggests that dissolution of the sili-
ceous microfossils and loss of silica to seawater oc-
curred close to the sediment/water interface.

Subunit 5d (Cores 84-92; 1268.0-1342.0 m
sub-bottom depth)

Around Core 84 there is a marked change in lithology
to more uniform radiolarian nannofossil marls, chalks,
and limestones with minor claystone partings. The uni-
formly parallel-laminated chalks that characterize Sub-
units 5b and 5c disappear. Quartzose and calcareous re-
deposited facies are also absent. Typically, in Berriasian
Subunit 5d, two lithologies are interbedded with grada-
tional contacts: marly nannofossil chalk, which is tran-
sitional to limestone (color 5GY 6/1 to 5G 5/1), and
nannofossil claystone (dark greenish gray 5GY 4/1 to
5Y 4/1) (Fig. 26). In the lower part of the subunit, light
gray (N7) and light bluish gray (5B 7/1) nannofossil
limestones are abundant. The marly nannofossil chalks
and limestones are typically moderately to strongly bur-
rowed. The burrow-fill material is both darker and
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Figure 26. Subunit 5d—typical radiolarian nannoplankton limestones
intercalated with seams of calcareous claystone. (Note the anasto-
mosing stylolites composed of material that is identical in the thick-
er claystone seams. Sample 534A-81-3, 40-60 cm.)



lighter in some cases than the host sediment. Burrows
are normally seen to have severely disrupted the original
parallel lamination. By contrast, the nannofossil marls
are less intensely burrowed and less well cemented, with
laminae of clay-rich material spaced about 0.5 to 0.3
mm apart. Compositionally similar clay layers reach 1.5
to 3 cm in thickness. Numerous stylolites, particularly in
the pure limestones, give the effect of a wavy, highly ir-
regular or anastomosing texture in places. Occasional
intervals up to 5 cm thick (e.g., Core 85, Section 2, 75
cm) possess a micronodular texture due to diagenetic pre-
cipitation of calcite. Synsedimentary microfaults have
been noted. Aptychi are abundant, but molds of ammo-
nite shells are found occasionally. Several intervals con-
tain occasional nodules of vitreous replacement chert up
to 5 cm in diameter (e.g., Core 86, Section 1, 54 cm). A
single occurrence of small-scale slumping was observed
in Core 91, Section 2, 140-150 cm. Another feature in
these cores are intervals up to 7 cm thick containing
numerous, subrounded to elliptical segregated clasts of
micritic limestones, which are typically lighter in color
than the host sediments (‘“‘microbreccias’’). These ap-
pear to be primary in origin. Finally, in Section 2 of
Core 92, the typical gray limestones give way to pink
and red carbonate characteristic of the Cat Gap Forma-
tion.

Interpretation

Subunit 5d is lithologically much more uniform com-
pared to those above it. Both the marly chalks and lime-
stones are seen in thin section to be radiolarian nanno-
fossil micrites. The marly chalks contain a greater abun-
dance of fine-grained terrigenous material and are,
again, less cemented than their more burrowed lime-
stone equivalents. Some silica was apparently retained
in the sediments long enough to favor the diagenetic for-
mation of chert nodules composed of vitreous chalce-
donic quartz. The claystones, as throughout the whole
formation, remain terrigenous in origin; thicker (up to 6
cm) partings show extremely fine-scale grading and
parallel lamination signifying turbidite deposition. A
single intercalation of red and pink calcilutites in Core
83, Section 5 represents a return to conditions character-
istic of the underlying Cat Gap Formation. The red col-
or may be due to a period of more highly oxidizing bot-
tom conditions, a greater input of oxidized iron, re-
duced input of organics, or some combination of these
variables.

Regional Comparisons

Site 391 is the type section of the Blake-Bahama For-
mation (Jansa et al., 1979). In Volume 44 of the Initial
Reports (Benson et al., 1978), four subunits were recog-
nized that closely correspond to those at Site 534, which
are shown in Figure 27. In the definition of the type sec-
tion, Jansa et al. (1979) chose to combine Subunits 4b
and 4c at Site 391 to a single middle subunit, composed
of parallel laminated and burrowed marls, chalks, and
limestones, with subordinate calcareous claystones. By
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contrast, in the Cat Gap area (Sites 4, 5, 99, and 100;
Fig. 28) the Blake-Bahama Formation is less lithified as
a result of a thinner overburden. Oceanward, on the
Bermuda Rise (Site 387), the Blake-Bahama Formation
contains significant volumes of quartzitic chert, dolo-
mite, and siderite, in contrast to Site 534. At Site 105 the
sequence consists of alternations of hard, white to pale
gray, micritic limestone, and soft laminated greenish
gray clayey limestone. Data are summarized by Jansa et
al. (1979). By contrast, at Site 534, the closest site yet
drilled relative to continental margin sources, the Blake-
Bahama Formation contains a relatively high abun-
dance of terrigenous and detrital carbonate material, as
well as carbonaceous material, particularly near the
contact with the Hatteras Formation.

Finally, it is worth noting that sequences of Early
Cretaceous pelagic limestones are also present both in
the eastern Atlantic and the western Mediterranean.
General comparisons have been drawn by Bernoulli
(1972) and Bourbon (1978).

Conclusion

Excellent recovery of the Berriasian to Barremian
Blake-Bahama Formation allows the Early Cretaceous
history of the Blake-Bahama Basin to be elucidated in
considerable detail. The various facies record a delicate
interplay between detrital and pelagic sedimentation
strongly modified by diagenetic processes. Postcruise
laboratory studies are needed to gain a better under-
standing of the various factors affecting the genesis of
this interesting Formation.

Units 6 and 7—Cat Gap Formation
and Unnamed Unit

In Hole 534A, 292.5 m of Middle and Upper Jurassic
sediments were drilled (sub-bottom depth interval of
1342.0-1635.5 m), of which 112.5 m were recovered
(38%). These were subdivided as follows (Fig. 29):

Unit 6
Subunit 6a—grayish red calcareous claystone
Subunit 6b—limestone turbidites interbedded with dark
greenish gray claystone

Unit 7

Subunit 7a—variegated dark reddish brown to grayish
green claystones

Subunit 7b—gray limestone turbidites interbedded with
dark variegated claystones

Subunit 7c—dark gray, marly limestones interbedded
with dark greenish gray radiolarian-rich
claystones

Subunit 7d—greenish black to black claystone with
radiolarian silt lenses

Subunit 7e—dusky red calcareous claystone

Subunits 6a and 6b are similar in several aspects to

the Cat Gap Formation of Jansa et al. (1979); Subunit
7a is perhaps a lower transition facies of the Cat Gap
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ness, age, and lithologies of the Blake-Bahama Formation at Site

534,

(Ogg et al., this volume); and Subunits 7b through 7e3
have not been encountered before in DSDP holes in the
western Atlantic. These units will be discussed separately.

3 Note that Subunits 7b and ¢ originally belonged in a Subunit 7b as defined during the
cruise; likewise Subunits 7d and 7e originally were defined as a Subunit 7c, as indicated:

Definition of lithological Subunits 7a through 7e.

Shipboard assignment

Site 534 report assignment

Lithological by sample by sample
subunit (core-section, cm level) (core-section, cm level)
Ta 111-1, 7 through 117-1, 26 111-1, 7 through 117-1, 26
b 117-1, 26 through 125-4, 14 117-1, 26 through 120 (top)
Te 1254, 14 through 127,CC (10) 120 (top) through 1254, 14
7d 125-4, 14 through 126-3, 7§
Te 126-3, 75 through 127,CC (10)
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Subunit 6a—Grayish Red Calcareous Claystone

Subunit 6a (Core 92, Section 2, 40 cm to Core 103,
Section 1, 107 cm, 1342.0-1429.0 m sub-bottom) ranges
from Tithonian to Kimmeridgian. Coring of this inter-
val spanned 87 m, of which 57 m were recovered (68%).

Contacts

The contact of Subunit 6a to the Blake-Bahama For-
mation is placed at the highest occurrence of red cal-
careous claystone interbeds between white limestones
(Core 92, Section 2, 40 cm). There is a gradual increase
in the ratio of limestone to calcareous claystone from
Cores 94 to 91 with no apparent break in sedimentation,
and a gradual decrease in abundance of red calcareous
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Figure 28. Boreholes where Blake-Bahama Formation sediments have been cored. (Formation thick-
ness in meters is shown in parentheses. Horizon § correlates approximately with the top of the
Blake-Bahama limestone; the eastern boundary indicates mapped pinch-out on basement [after
Mountain and Tucholke, 1977], near Magnetic Anomaly M-11, This anomaly has been inter-
preted by van Hinte [1976a] to be Valanginian. Note that the section at Hole 534A, 392 m, is the
thickest sequence of the Blake-Bahama rocks cored to date. [Figure after Jansa et al., 1979].)

claystone interbeds and intensity of red color from
Cores 94 to 92. Arbitrarily defining the upper boundary
of Subunit 6a by the highest occurrence of any red color
follows the subdivisions in the Upper Jurassic used at
other DSDP sites (Sites 99, 100, 105, 367, and Hole
391C) and the Cat Gap Formation definition of Jansa et
al. (1979).

The basal contact between Subunits 6a and 6b is
placed at Core 103, Section 1, 107 cm, at the top of the
highest thick bed of light gray bioclastic-pelletal lime-
stone. This lower boundary is also transitional, because
these limestone turbidite beds occur as high as Core 100,

but are usually much thinner and of finer-grained tex-
ture. Below Core 103, grayish red claystones are a very
minor lithology.

Lithologic Description

The major lithology of Subunit 6a is grayish red cal-
careous claystone, the color ranging from dusky red (10R
3/4) to grayish red (SR 4/2) to dark reddish brown (10R
3/4) to grayish brown (5YR 2/2), with a general trend to-
ward darker colors near the base of the unit. Greenish
gray mottles occur locally, especially around shell frag-
ments and burrows, and as bands parallel to bedding.
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This is probably a local reduction of the iron oxide. The
composition ranges from a calcareous claystone to marly
nannofossil chalk. Interbeds of pale red (SR 6/2) to
greenish gray (5GY 6/1) marly limestones occur with in-
creasing abundance toward the top of the subunit. In the
top 20 m (Cores 92, 93) these limestone beds are domi-
nant. In both limestones and claystones, laminations are
frequently disrupted by bioturbation (especially Chon-
drites).

The main fossils found in Subunit 6a are nannofos-
sils, abundant calcified radiolarians, calpionellids (to
Core 94), calcispheres, rare pieces of the pelagic crinoid
Saccocoma (in Core 94), and rare ammonites, aptychi,
and shell fragments. An ammonite and numerous shell
fragments that retain a pearly luster were found in Core
100.

Within the interval between Cores 99 and 101 occur
several black carbonaceous claystone layers and one
large pyrite nodule. Siliceous limestone nodules and thin
microbreccia layers are found sporadically in the upper
30 m. There is a nodular texture in a few thin marly
layers.
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Depositional Environment

The red calcareous claystone and associated marly
chalk were deposited on a quiet bottom above the car-
bonate compensation depth (CCD); there was an oxidiz-
ing environment within the sediment as well as moderate
bioturbation. This description is based on the lack of
slump or current features, abundant nannofossils and
other bioclasts, frequent burrows in a vaguely laminated
sediment, and the red color. Redeposited beds are minor
but increase in abundance and thickness from Core 100
downward. The red claystones were deposited above the
aragonite compensation depth (ACD) during part of the
interval. This event is indicated by the rare ammonites
and pearly luster on shells in Core 100 and the XRD
(X-ray diffraction) identification of aragonite in the
claystones of several cores (see the clay mineralogy sec-
tion that follows).

Regional Correlation

The upper facies (‘‘Saccocoma’® microfacies) of the
Cat Gap Formation at Sites 99, 100, 105, and Hole 391C



(Jansa et al., 1979) is a red calcareous claystone that has
overlapping age assignments and a general sedimentary
character similar to Subunit 6a of Hole 534A. However,
the microfacies of the red calcareous claystones of 534A
do not have a Saccocoma-rich interval that is a charac-
teristic of the upper portion of the Cat Gap. Because
Saccocoma is found predominantly in the lower Tithon-
ian, perhaps this interval was not recovered from Hole
534A. The facies of Subunit 6a is also much richer in
radiolarians, especially in the upper portion. The facies
of Subunit 6a is similar to the Upper Jurassic sediments
of Site 367 in the eastern Atlantic (Jansa et al., 1978).
The red color is also common to Upper Jurassic pelagic
limestones and marls of the Tethys (Rosso ad Aptychi,
Ammonitico Rosso Superiore), which suggests that an
oxidizing environment within pelagic sediments was typ-
ical of both the Tethys and the Atlantic during the Late
Jurassic.

Subunit 6b—Interbedded Light Gray Limestones and
Dark Greenish Gray Claystones

Subunit 6b (Core 103, Section 1, 107 cm to Core 111,
Section 1, 7 cm, 1429.0-1495.6 m sub-bottom) spans the
early Kimmeridgian to the Oxfordian. The interval cored
was 66.6 m, of which 17.6 m were recovered (27%).

Contacts

The top of Subunit 6b is placed within Core 103 be-
cause the lower portion of this core and the underlying
next few cores are dominated by light gray limestones of
turbidite origin with interbedded greenish gray calcare-
ous claystones. Between Cores 103 and 104, fine pelagic
bivalves, which are abundant in Subunit 6b, seem to
disappear, which suggests a possible hiatus in sedimen-
tation that was not recovered (the drilling of Core 103
indicates penetration of a hard zone in the unrecov-
ered[?] lower 5 m).

The base of Subunit 6b is placed at Core 111, Section
1, 7 cm, below which dark variegated claystones domi-
nate the recovered sediments. The contact is probably
gradational; and extremely poor recovery in Cores 109
through 113 complicates definition of the boundary.

Lithologic Description

Three main types of sediments are interbedded
throughout Subunit 6b: (1) Calcareous claystone with
dark gray colors ranging from medium dark gray (N4)
to greenish black (5GY 2/1). The claystone is laminated
to moderately bioturbated with Chondrites burrows; the
fossil assemblage is mainly nannofossils, tiny pelagic bi-
valves, and calcified radiolarians. The pelagic bivalve
shells generally have prismatic sparry calcite over-
growths. (2) Micritic limestone that is light gray (N7) to
dark greenish gray (5GY 4/1). The common (5% or less)
bioclasts are generally micritized. Partial recrystalliza-
tion to microspar is common. The beds are massive with
minor bioturbation or with vague laminations. (3) Lime-
stone of packed skeletal-pelletal microsparite to sparite;
ranging from light gray (N7), light bluish gray (5B 7/1),
yellowish gray (5Y 8/1), light olive gray (5Y 6/1), to
greenish gray (SGY 5/1). The microfacies consists most-
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ly of pellets and micritized grains in addition to ooids
(Core 106), benthic shallow water foraminifers, and ech-
inoderm and shell fragments. The beds generally have
features of turbidite deposits (including graded bedding,
current cross-bedding, convolute to parallel lamina-
tions, claystone interclasts [Core 106], flute casts, and
scoured bases), with burrows in upper portions. Figure
30 shows some of these turbidite features in medium-
grained limestone beds. In Section 2 of Core 107, there
is an interesting feature—complex normal- and reversed-
graded intervals within a single bed.

A minor lithology (found in Cores 105, 108, and 110)
is grayish red to blackish red calcareous claystone, per-
haps a forerunner of the overlying facies of Subunit 6a.
These occur only within calcareous claystone intervals
that lack abundant limestone beds. Other minor lithol-
ogies are thin microbreccias(?) (Cores 104, 108) and a
yellowish brown chert (fragment in Core 109).

Two interesting diagenetic textures seen here are (1)
the boudinage and pinching of thin micrite limestone
beds when they are interlayered between clay beds and
(2) fibrous spar overgrowths on tiny bivalve shells in the
claystones that may coalesce to form discontinuous en
echelon spar layers within the sediment (sometimes called
“‘beef’’ texture in the Lias of Southern England). This
latter texture is well developed in Core 104,

Depositional Environment

The claystones of Subunit 6b are interbedded with
two types of limestones. One is an obvious turbidite of
transported shallow-water carbonate; the other is a fine
micritic limestone that is probably a redeposited fine-
mud carbonate, also of shallow origin. Seismic reflec-
tion data indicate that Subunits 6a and 6b thicken to-
wards the Bahamas and increase in interval velocity,
suggesting that more carbonate turbidites occur in that
direction. Those carbonate banks were probably the
source of the coarse skeletal-pelletal turbidites. The mi-
critic limestones may be turbidites, possibly derived
from the continental slope.

The dark greenish gray claystones represent the pe-
lagic background sedimentation. When there is an inter-
val with few limestone turbidites, the claystones become
dark reddish gray in color, suggesting that the turbidites
either buried organic matter in the claystones before it
was oxidized by bottom water or that the turbidites
transported organics, which then created a reducing en-
vironment during diagenesis. Another possibility is that
the bottom waters were slightly anoxic during most of
this period. No evidence of bottom currents were ob-
served in the claystones. Burrowing organisms were rel-
atively rare.

Regional Correlation

The presence of fine bivalve shells in the claystone
and some of the limestones is also a characteristic of the
““filament’’ microfacies of the lower part of the Cat Gap
Formation at Site 105 (Jansa et al., 1979). However,
limestone turbidites dominate Subunit 6b; they were not
important in the Site 105 facies (unless the distal ends of
such turbidites are the thin limestone layers that later
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Figure 30. A. Interbedded light gray turbidite limestone and dark greenish gray
claystone in Sample 534A-105-1, 82-105 cm of Subunit 6b, Cat Gap Forma-
tion. B. Graded tan gray turbiditic limestone interbeds in Sample 534A-106-1,
95-140 cm of Subunit 6b. Cat Gap Formation.
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became the limestone clasts in the claystone of Site 103,
as suggested by Bernoulli [1972]). Therefore, Subunit 6b
is regarded as a lateral equivalent of the ‘‘filament”
microfacies of the Cat Gap Formation, but the subunit
cannot be regarded as identical to that facies at the
““type’’ section.

Subunit 7a—Dark Variegated Claystones

Subunit 7a (Core 111, Section 1, 7 cm to Core 117,
Section 1, 26 cm; 1495.6 to 1549.8 m sub-bottom) is an
Oxfordian interval that spans 54.2 m, 6.2 m of which
were recovered (11%).

Contacts

The upper contact is placed at the top of the highest
interval of dark variegated claystones that were recov-
ered (Core 111, Section 1, 7 cm). The basal contact is
placed at the top of the first thick limestone turbidite at
Core 117, Section 1, 26 cm. Due to the very poor recov-
ery throughout this interval and at the ‘‘contacts,’’ these
assignments are based partly on the drilling time per
core. The interval from Core 111 to 117 had rapid drill-
ing times compared to overlying Subunit 6b or underly-
ing Subunit 7b, indicating the predominance of clay-
stone over limestone in 7a. The boundaries are probably
transitional, and the contacts are assigned on the basis
of incomplete data.

Lithologic Description

Subunit 7a has dark variegated claystones occasion-
ally interbedded with redeposited micritic limestones.
The claystones have three basic color types: (1) “‘red-
dish”’—pale red (5R 6/2), grayish red (5R 4/2), dusky
red (5R 3/4), medium brown (S5YR 3/4), grayish brown
(5G 6/1), or blackish red (5R 2/2); (2) ‘“‘greenish’”’—
olive gray (5Y 4/1) to greenish gray (5GY 6/1); and (3)
““black—dark bluish gray (5B 4/1), dark greenish gray
(5GY 4/1), greenish gray (5G 6/1), olive black (5Y 2/1),
or dark gray (N3). These three types occur in 1- to 5-cm
color bands with either sharp or gradational contacts.
Some general characteristics suggest cyclic turbidite de-
position. For example, the “‘black’” (color type 3) layer
always has a sharp upper contact to overlying ‘‘red-
dish”’ (color type 1) or ‘‘greenish’’ (color type 2) layers,
but often a transitional contact to the underlying layers,
with Chondrites burrows carrying dark greenish gray
clay down into the reddish gray or olive gray. At the
base of the ‘‘reddish’’ or ‘‘greenish’’ layers there is of-
ten a very thin (0.5 cm) layer of greenish gray, finely
laminated calcareous siltstone, which may grade up-
ward into the claystone. The ‘‘greenish’’ (color type 2)
layer frequently occurs as mottles in the reddish gray.
These indications suggest that the dark greenish gray
(“‘black’’) claystone is the background sediment, and
that there was abundant turbidite input of reddish gray
(“‘reddish”’) clays (commonly with calcareous silt), which
were often reduced to give an olive gray (‘‘greenish’”)
color. The allochthonous (possibly redeposited) “‘red-
dish’’ olive gray claystones (subsequently referred to as
“‘allochthonous’’ claystones) appear to comprise about
75% or more of the recovered claystone sediments of
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Subunit 7a. The abundance of nannofossils in the host
and (possibly redeposited) allochthonous claystones
show no consistent variations. Up to 5% quartz silt
grains are present in some layers.

Interbeds of micritic and pelmicritic limestones occur
occasionally within the variegated claystones. These lime-
stones are very light gray (N8) to greenish gray (5GY
6/1), are massive to laminated with occasional convo-
lute laminations, and also have a very low abundance of
bioclasts (except a bed in Core 116, which has 20-25%
echinoderm fragments and calcified radiolarians).

Depositional Environment

The dark variegated claystone of Subunit 7a had tur-
bidite input from two sources that fed into a slowly ac-
cumulating background sediment of dark greenish gray
clay. The dark greenish gray clay (10-15% of the recov-
ered sediment) is often burrowed and shows no evidence
of current reworking. The dominant type of turbidite is
reddish brown claystone with minor calcareous silt. Re-
duction after deposition caused abundant olive gray
mottling, especially where the reddish claystone is in
contact with the dark greenish gray claystone (back-
ground sediment). This mottling suggests that the bot-
tom sediment was organic-rich or in an anoxic environ-
ment, whereas the turbidite clays were low in organic
content or came from an oxidizing environment. The
source area of the turbidite clays was pelagic, because
they are low in carbonate and terrestrial clastics (indeed,
these clays are very similar in composition to the back-
ground claystone). The second type of turbidite is bio-
clast-poor micritic limestones, which are similar to those
in Subunit 6b. Their source area must have been more
carbonate-rich than the claystone turbidites, but not in
shallow water depths. The shallow-water limestone tur-
bidites of Subunit 6b are not present.

Regional Correlation

This facies has not been recovered at any previous
site. It may be included later as a transitional lower
facies of the Cat Gap Formation, but is distinctly differ-
ent from any sediments at Sites 100 or 105, which are
the basis of the definition of that Formation. For fur-
ther discussions see Ogg et al. (this volume) and Grad-
stein and Sheridan (Leg 76 synthesis, this volume).

Subunit 7b—Olive Gray Limestones in
Dark Variegated Claystone

Subunit 7b (Core 117, Section 1, 26 cm to the top of
Core 120; 1549.8-1572.0 m sub-bottom) is also Oxford-
ian. It encompassed 22.2 m, 2.95 of which were recov-
ered (8%).

Contacts

The upper contact of Subunit 7b is placed at Core
117, Section 1, 26 cm, below which gray limestones
compose a significant portion of the sedimentary se-
quence, This transition is indicated by a rapid increase
in the drilling time per core compared to the drilling of
the claystones of Subunit 7a. Extremely poor recovery
(10%) prevents determination of a precise unit bound-

183



SITE 534

ary, and it is probable that the increase in limestone tur-
bidites downward is a gradation phenomenon.

The lower contact is placed between Cores 119 and
120. Core 120 still has gray limestone beds, but they are
interbedded with a greenish radiolarian-rich claystone
with thin radiolarian-sand layers, a distinctive facies
that characterizes the underlying Subunits 7c¢ and 7d.

Lithologic Description

Subunit 7b is composed of gray limestones interbed-
ded with dark variegated claystones. The limestones are
light olive gray (5Y 6/1) to greenish gray (5G 6/1, 5GY
6/1 to 5G 4/1) to olive gray (5Y 4/1). The limestone
beds commonly exhibit graded bedding, laminations,
convolute laminations, and interaclasts of claystone.
Chondrites burrows are common in the upper portions
of the beds. Two unusual microbreccia(?) levels occur
within the limestones of Core 118 (Fig. 31 and 32). The
textures range from loosely packed bioclastic pelletal
microspar-sparite to pelletal micrite to biomicrite to ho-
mogeneous micrite. The coarser, more bioclast and pel-
let-rich textures are found near the bases of the thicker
limestone beds. Bioclasts include echinoderm fragments,
pyritized and calcified radiolarians, and rare benthic
foraminifers.

The interbedded, dark variegated claystones resemble
those of Subunit 7a: blackish red (5R 2/2) to olive gray
(5Y 4/1) claystones are between thin greenish black (5G
2/1) claystones and have faint laminations and minor
amounts of bioturbation.

Depositional Environment

The abundant pelletal limestones, which are the dom-
inant rock type of Subunit 7b, are calcareous turbidites
that were deposited within a changing claystone se-
quence.

The dark variegated claystones are very similar to
those of Subunit 7a and are interpreted similarly: black-
ish red claystone turbidites interbedded with thin layers
of a host sediment of greenish black claystone. The only
distinction, then, between Subunits 7b and 7a is the
sharp change in the abundance of the calcareous turbi-
dites. This could reflect either a reduction in turbidite
activity, or increased dilution by the claystone turbidite
component, or both.

The source region for the pelletal limestone turbidites
was possibly the continental slope or the Blake Spur
Anomaly Ridge. The high coccolith content of the pel-
lets and lack of any shallow-water material implies that
the initial sedimient was a pelagic carbonate.

Given the interpretaton that most of the claystones
are also redeposited (from a deeper and possibly closer
source), the apparent amount of normal pelagic sedi-
ment (greenish black clay) is a very minor fraction of
Subunit 7b.

Regional Correlation

These facies have not been recovered at other sites,
but are known by geophysical mapping and laws of su-
perposition to be older than any previous recovered sed-
iments ir the Atlantic. On the basis of seismic reflection
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Figure 31. Close-up photography of Sample 534A-118-1, 10-25 cm,
showing a microbreccia found in the limestone of Subunit 7b be-
tween 17 and 20 cm.

profiles, the limestone turbidites appear to be a wide-
spread, basement topography-smoothing episode. How-
ever, until this facies and those of underlying Subunits
7¢, 7d, and 7e have been identified at another site, it is
premature to assign any formation name or status to
them.

Subunit 7c—Olive Gray Limestones in Dark Greenish
Gray Radiolarian-rich Claystones

Subunit 7c (top of Core 120 to Core 125, Section 4,
14 cm; 1572.0-1617.1 m sub-bottom) is Oxfordian to



Figure 32. Mic_robreoci.a in Sample 534A-118-1, 30-45 cm similar to
that found in Figure 31. (The layer, between 40 and 41 cm, is thin-
ner than that found between 17 and 20 cm in the same core.)

Callovian and spanned 45.1 m, of which 14.9 m were re-
covered (33%).

Contacts

There was a sudden change from variegated claystone
to dark greenish gray radiolarian claystone between
Cores 119 and 120, although poor recovery prevents
identification of the nature of this change. The upper
boundary of Subunit 7c is therefore arbitrarily placed at
the top of Core 120.

The lower contact at Core 125, Section 4, 14 cm is
identified at the base of the lowest olive gray limestone
occurrence. The abundance of limestones rapidly in-
creases in the upper part of Core 125 and dominates
Core 124.

Lithologic Description

Subunit 7¢ is composed of olive gray limestones inter-
bedded with dark greenish gray claystone containing
silty layers of concentrated radiolarians. The limestones
in the upper part of Subunit 7c are similar to those of
Subunit 7b, but those in the lower part are generally
darker and more marly. Colors range from greenish
gray (5G 6/1, 5GY 5/1 to 5G 4/1) to olive gray (5Y
4/1), with a downward trend toward darker limestones.
The limestone beds commonly exhibit graded bedding,
laminations, and convolute laminations, and have bio-
turbation and Chondrites burrows in the upper por-
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tions. The textures range from bioclastic pelletal micro-
spar-sparite, to pelmicrite, to homogeneous micrite.
There is a downward trend toward finer-grained and
more marly limestones. Bioclasts include small bivalve
shell fragments (‘‘filaments’”), pyritized and silicified
radiolarians, echinoderm fragments, and rare benthic
foraminifers.

The claystones of Subunit 7c range from siliceous ra-
diolarian-rich claystone (Cores 120 and 121), to clay-
stone (Core 122), to nannofossil claystone (Cores 123-
125) as the abundance of radiolarians and quartz silt de-
creases and nannofossil abundance increases. Through-
out the claystone sequence occur thin (0.5-1.0 cm) lay-
ers or lenses of radiolarian silt containing 30 to 50% ra-
diolarians in a clay matrix similar to the host sediment
(Figs. 33, 34). These radiolarian concentrations have
sharp contacts, are often laminated, and decrease in
abundance toward the base of the unit. The color of the
claystones changes from dusky purplish blue green
(5BG3/2 + 5P3/2) and dark greenish gray (5GY4/1) in
Cores 120 to 122 to olive black (2Y2/1) and greenish
black (5G2/2) in Cores 123 to 125. From Cores 122
through 126 there is an increasing frequency of carbona-
ceous claystone layers and laminae (Fig. 35—Subunit
7d), together with glauconite grains and lenses and
sand-sized phosphate concretions in the host claystone.
The sparse radiolarians in the claystones of Cores 122 to
125 are replaced by pyrite, whereas the abundant radio-
larians in the claystones of Cores 120 to 122 and the in-
terbedded radiolarian silt layers throughout the unit are
silicified, often with chalcedonic quartz interiors. Frag-
ments of pelagic bivalves, some fish phosphatic debris,
and scattered plant debris occur in the claystones of
Cores 124 to 125.

Depositional Environment

The upward trend of increasing abundance, thick-
ness, and coarse carbonate content of the limestone
beds through Subunit 7c along with their sedimentary
structured strongly suggest a calcareous turbidite pro-
gression from relatively feeble distal types to relatively
larger events. The source of the pelagic carbonate was
probably the continental slope or Blake Spur Ridge to
the west. Of course, there is the possibility that some of
the nongraded, marly limestone beds are in situ deposits
caused by changes in pelagic carbonate productivity or
fluctuations in the CCD.

One distinctive characteristic of the claystone sedi-
ments is the sporadic occurrence of thin radiolarian silt
layers. These radiolarian-rich bands and lenses suggest
(1) occasional bottom-current activity winnowing the
radiolarian fraction from an original radiolarian-bear-
ing claystone, (2) transportation of radiolarians from
another source area, or (3) episodes of high productivity
of radiolarians. The abundance of radiolarians in this
sediment relative to the overlying Late Jurassic sedi-
ments may indicate either a higher radiolarian produc-
tivity, less dilution by other components, better preser-
vation of the radiolarians in the sediment, or a combina-
tion of factors. Similar radiolarian silt layers occur
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Figure 33. Olive gray limestone interbedded with dark greenish gray
claystone containing silty layers of concentrated radiolarians at a,
b, and c from Section 534A-120-1 of Subunit 7¢ (the unnamed lith-
ostratigraphic interval underneath the Cat Gap Formation).
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Figure 34. Close-up of the lower part of the section shown in Figure 33
depicting the lenticular shape of the radiolarian silt layers—at a, b,
c—from Section 534A-120-1 of Subunit 7¢ (the unnamed litho-
stratigraphic interval underneath the Cat Gap Formation.)

within the Late Cretaceous greenish claystones that were
recovered at Site 387 (see the discussion in McCave,
1979).

The very low calcareous nannofossil content (1-5%)
and poor preservation within the claystones in Cores
120 to 123 suggest a depositional environment close to
the local CCD during this interval. The upward decline
in nannofossil content from 25 to 35% (smear slide esti-
mates) in Core 126 to 3 to 5% in Core 123 also suggests
a change in the CCD. The carbonate content begins to
increase again in Core 119. An alternative explanation
for the low carbonate content and poor preservation is
diagenesis caused by the increased dissolution of car-
bonate as the organic carbon content of the claystone
rose.
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Figure 35. Layers of nannofossil-rich claystone clasts in greenish black,

organic-rich claystone—Section 534A-126-3, Subunit 7d (un-

named lithostratigraphic interval underneath the Cat Gap Forma-
tion).

There are many carbonaceous black claystone layers
within the dark greenish gray claystone. Some of the or-
ganic material is terrestrially derived, and these layers
may be organic-rich turbidites from the shelf, although
no turbidite sedimentary structures were observed. The
glauconite grains, quartz silt, and small phosphate con-
cretions observed in thin sections of the greenish clay-
stones were possibly transported by currents to the site.
Subunits 7c and 7d have the only significant (though mi-
nor) abundance of quartz silt in the Jurassic sediment
sequence. The superb preservaton by pyrite of many ra-
diolarians in both the claystones and limestones suggests
an anoxic environment within the sediments very near
or at the sediment/water interface.

The apparent inclination of bedding in Subunit 7c is 5
to 15° (the measured deviation of the bottom of the drill
string was about 2.5°). However, the only indication of
synsedimentary slumping is a slight contortion of some
limestone layers in Core 125. The overlying Subunit 7b
has nearly horizontal apparent inclinations, which sug-
gests the possibility that tectonic tilting occurred be-
tween the deposition of the sediments of Subunits 7c
and 7b. The slight contortion in Core 125 could be an
artifact of drilling.
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Regional Correlation

This facies has not been recovered at other sites. It is
known, by geophysical mapping and regional correla-
tion, to be older than any previous recovered sediments
in the Atlantic.

Subunit 7d—Greenish Black Nannofossil Claystone

Subunit 7d (Core 125, Section 4, 14 cm to Core 126,
Section 3, 75 ¢cm; 1617.1-1625.3 m sub-bottom) is Cal-
lovian; coring of this interval spanned 8.2 m, of which
7.5 m were recovered (91%).

Contacts

The upper contact was placed at the base of the low-
est marly limestone of Core 125 at Section 4, 14 cm. The
basal contact is at the top of the dusky brown claystone,
or Core 126, Section 3, 75 cm.

Lithologic Description

The dominant lithology of Subunit 7d is greenish
black (5G 2/1) to olive black (5Y 2/1) nannofossil clay-
stone to carbonaceous nannofossil claystone. It is pre-
dominantly laminated, but many beds are massive or
have a graded texture. The greenish claystone levels gen-
erally have small elongate dark mottles, interpreted as
burrows. Thin sections show that the laminae are dis-
continuous concentrations of fine organic material and
pyrite-Fe oxide particles and/or nannofossil micrite.
Thin radielarian sand layers, similar to those of Subunit
7¢c, occur sporadically. The abundance of both carbona-
ceous claystone and radiolarian silt layers increases up-
ward in Subunit 7d. Pyritized radiolarians, fine pelagic
bivalve shells, phosphatic fragments and concretions,
plus about 5% quartz and mica silt are minor compo-
nents of the nannofossil claystone, in addition to 2 to
5% organic matter. Laminae replaced by pyrite and
nodules of pyrite are common.

The beds have 10 to 15° inclinations; synsedimentary
slumping, folds, and shear planes are present (Fig. 36).
Beds with flattened elongate claystone intraclasts are
abundant throughout Subunit 7d and range from 4-cm-
thick layers with clasts less than 2 mm in length to spec-
tacular 45-cm-thick beds with clasts exceeding 3 cm in
length. The clasts are usually shades of greenish gray,
but include clasts identical to the host claystone, fish de-
bris and phosphate concretions, and plant debris. Some
of the greenish gray clasts (Fig. 37) contain up to 40%
nannofossils, significantly more than either of the host
claystones do. These intraclast levels are often graded or
associated with synsedimentary slump features. Some
horizons with changing inclinations of lamination are
perhaps portions of ripples, cross-bedding, and current
scour, though no unambiguous examples were observed.

Depositional Environment

The greenish black claystone of Cores 125 and 126,
with its glauconite and phosphate grains and high con-
tent of organic material and pyrite, suggests variable,
including reducing, bottom conditions in the sediment.
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Figure 36. Close-up of Sample 534A-125-4, 80-100 ¢cm showing the

occurrence of low-angle cross-bedding, which occurs in Subunit
7d. (Apparent erosional surfaces occur at 84 and 85.5 cm.)
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The 10 to 15° inclination of the beds, synsedimentary
slumping, and shear planes indicate deposition on a
slope, which would have resulted from sediment build-
up, tectonic tilting, or both. These sequences may have
also been formed by contour currents. In addition, cur-
rent winnowing could have produced some of the intra-
clastic intervals. The claystone intraclasts are probably
locally derived. Sloping and hummocky bedding is ap-
parent on the seismic reflection profiles. The levels with
graded or poorly sorted elongate claystone intraclasts
may represent redeposition associated with slumping
events farther upslope, perhaps from gravity loading of
over-steepened slopes in soft sediment.

Regional Correlation

The sediments of Subunit 7d are older than any sedi-
ments ever drilled in the oceans. Therefore it is difficult
to judge whether the black claystones reflect a wide-
spread low oxygen event, lack of bottom circulation, or
a local basin receiving organic-rich turbidites. In the
Tethys and on bordering margins there are either many
organic-rich sediments or indications of a reducing envi-
ronment within the upper Callovian through lower Ox-
fordian sediments, for example, the ““Terres Noires’’ of
southeastern France and the green radiolarian cherts of
northern Italy.

Subunit 7e—Dusky Brown Nannofossil Claystone

Subunit 7e (Core 126, Section 3, 75 cm to Core
127,CC [10 cm]; 1625.3-1635.3 m sub-bottom) is a Cal-
lovian interval that spans 10.0 m, of which 7.5 m were
recovered (75%).

Contacts

The upper contact of Subunit 7e is placed at the high-
est occurrence of dusky brown claystone in Core 126,
Section 3, 75 cm. The basal contact is at the top of the
basalt, or Core 127,CC (10 cm).

Lithologic Description

The dominant lithology of Subunit 7e is dusky brown
(5YR 2/2) to grayish brown (5YR 3/2) nannofossil clay-
stone. It is massive to irregularly laminated, with green-
ish gray intervals of claystone intraclasts and a couple of
thin radiolarian silt layers (Fig. 38). These greenish gray
intervals are similar to the features in Subunit 7d. Some
of the greenish gray clasts contain up to 40% nannofos-
sils (smear-slide estimates), significantly more than the
15 to 30% nannofossil content of the dusky brown clay-
stone. Fine pelagic bivalves (‘‘filaments’’) were observed
in thin sections of the claystones and of the similar, dusky
brown, calcareous claystone within the basalt flows.

Sedimentary Environment

The dusky brown, nannofossil claystones of Subunit
7e have no carbonaceous black claystone intervals or
pyrite occurrences, unlike overlying Subunit 7d. This in-
dicates a more oxidizing environment within the sedi-
ment, perhaps owing to an initial lower organic content
or more oxidizing bottom waters. The higher nannofos-
sil content of these claystones relative to the overlying
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Figure 37. A. Evidence of possible lag gravel pavement and cross-bedding in Subunit 7d. (A close-up of Sample 534A-125-5, 45-55 cm shows small
intraclasts grading upward into small-scale cross-bedding [48 cm], which suggests that this sequence may have been a coarse lag deposit that was
rolled along on an erosional surface.) B. Evidence of synsedimentary slumping in Subunit 7d. (A close-up of Sample 534A-125-6, 65-75 cm

shows a typical sequence of graded intraclasts.)

greenish black claystones may reflect either a higher car-
bonate productivity, greater preservation of nannofos-
sils within an oxidizing sediment environment, or a
lower CCD. Only minor bioturbation features were ob-
served, primarily within the greenish gray horizons. No
evidence of current activity was observed, but the homo-
geneous character of the dusky brown claystone may
conceal any sedimentary structures.

The direct contact of the sediments to the basalt is
unfortunately missing. The rare interbeds of sediment
between basalt flows resemble the claystones of Subunit
7e but are commonly more siliceous. There are no obvi-
ous hydrothermal deposits or metalliferous sediments
within Subunit 7e. One sediment interbed within the ba-
salts is a brighter red color, possibly owing to thermal
effects from the overlying flow.

Regional Correlation

This claystone is the oldest pelagic sediment recov-
ered at any site in the Atlantic. It is impossible to de-
termine at this time if it is a basinal or only very local
facies.

Clay Mineralogy

Shipboard X-ray diffraction analysis was carried out
on dried suspensions of bulk sediments using a special

preparation procedure. For a description of the suspen-
sion, see the Site 506 report, Volume 70 (Honnorez,
Von Herzen, et al., in press). The preparation procedure
is: (1) Dry the sample in an oven at a temperature of less
than 60°C. (2) Grind the sample to a fine powder; add a
small amount of KClI as an internal standard. (3) Place
the powdered sample on two glass slides; drop ionized
water on one, and ethylene glycol on the other. (4) Flat-
ten the sample to orient the clay minerals. (5) Dry the
slides in an oven for one hour at less than 60°C. (6)
Leave for one day at room temperature. (7) Electric cur-
rent on Glomar Challenger fluctuates frequently; dupli-
cate runs are therefore required for critical key lines.
and (8) Relative abundance is obtained from intensities
of peaks for the well-crystallized minerals (quartz, cal-
cite, etc.). An intensity factor is applied only for calcite
(Cook et al., 1975). The abundance of clay minerals is
estimated from the peak height as well as the peak area.

Results

The results presented here are only tentative, because
of the fluctuating power supply and lack of special treat-
ment of clays before X-ray analysis.

The Cat Gap Formation and underlying units are di-
vided into three groups according to combinations of
clay minerals (see Table 3). Group I is characterized by
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Figure 38. Examples of the irregularly laminated sediments with clay-
stone intraclasts typical of Subunit 7e, Sample 534A-126-3, 85-110
cm
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an abundance of smectite and traces of kaolinite, indi-
cating a terrigenous input. Hematite is present and is re-
sponsible for the sediment color. Because hematite com-
monly occurs despite changes in color and sediment
type, it is also considered to be a land-derived mineral.
This mineral was reported from the Oxfordian section
at Site 105 (Zemmels et al., 1972). Aragonite is also
abundant in Group I. Abundant aragonite needles, ob-
served in smear slides under the microscope, are thought
to be derived from shells formed at shallower water
depths. They are also reported from Unit 5 of Hole
391C (Flood, 1978).

Group II is characterized by the presence of illite and
chlorite. Smectite content decreases dramatically com-
pared to that in Group I. Quartz and calcite are the
dominant constituents. Aragonite is again present. Smec-
tite from the lower stratigraphic horizons of this interval
tends to be richer in Mg content (stevensite). This is dif-
ferent from smectites in Group I, which have a Na-rich
affinity (montmorillonite). The combinations of clay
minerals in Group II may indicate slow input of terrige-
nous material together with diagenetic alteration of the
clays.

Group III is characterized by an abundance of smec-
tite of the Mg-rich affinity. Quartz and calcite are again
the dominant constituents, with kaolinite indicating a
terrigenous input. Another Mg-rich mineral characteris-
tic of this interval is palygorskite, which is associated
with the black shale and quartzose chert layers. In this
material the radiolarians are completely transformed to
quartz with or without calcite and carbonate-apatite.

Discussion

The change in mineralogy of the smectites is interest-
ing and may indicate diagenetic alteration. The sub-bot-
tom sediments might also have become gradually more
Mg-rich stratigraphically downward.

Magnesite was found for the first time at this site.
However, the key line at 26 of 33° is confused by other
minerals, such as hematite, aragonite, and carbonate-
apatite, so that the identification is only tentative at
present.

Millot (1970) showed that lacustrine deposits with se-
piolite, palygorskites, and magnesite from many places
have the following characteristics in common—presence
of carbonates, common occurrence of chert, and hyper-
salinity. Although we cannot exclude the possibility that
the magnesite is land-derived, the development of dense
hypersaline stratification of the ocean could favor the
precipitation of magnesite and palygorskite as authi-
genic minerals, and may also have led to stagnant sea-
bottom conditions.

During the Triassic, clay minerals on land were domi-
nantly illitic,e associated with smectite and its transformed
affinity, 14 A mixed-layered clays (Millot, 1970). Abun-
dance of illite, mixed-layered clays, and smectite associ-
ated with chlorite is reported from the Kimmeridgian-
Oxfordian interval at Site 105 (Chamley, 1979). In view
of these previously published results, it can be stated
that the clay mineral assemblage in Group II may have a
detrital origin.



Table 3. Relative abundance of clay minerals, Hole 534A.

SITE 534

Sample
(core-section, cm from Plagio- Paly-  Carbonate-
top of section) Lithology Illite Chlorite Kaolinite Smectite Quartz clase Calcite H M gorskite Apatite
Group 1
924, 73 Red claystone + ) - + + + 4+ + + +
93-3, 121 Red claystone - ¥+ +4++
94-4, 71 Blue claystone + - - +++ Fo + ok
95-2, 40 Red claystone + - - + + ++ # +%
99-2, 135 Black claystone + - - + 4 4 et +
99-3, 100 Red claystone - ++ ++ T +
Group 11
103-1, 145 Gray limestone + ++ +
104-4, 139 Red claystone + - + ++ - +
106-2, 20 Gray claystone + - + +E+ = =
107-2, 101 Red claystone + - = + = i
108-1, 33 Red claystone + - - 44 + 4+ 4
111-1, 10 Gray claystone - + a3 + = 4+
Group 111
112-1, 48 Red claystone - - + 4 - + - .
113-1, 34 Burrowed chalk - - - + - ++ +
114-2, 2 Gray claystone + - + 4+ 4+ 4+ + + -
114-2, 3 Red claystone + - ++ +++ - =
115-1, 38 Red claystone - - - + 4+ ++ + - -
116-1, 53 Black claystone - - ++ +++ - +
120-1, 50 Radiolarian layer +++ + 4+ + =
120-1, 70 Black claystone - - + 4 -
120-1, 90 Radiolarian layer - - = + 4+
Note: + + + = abundant; + + = cc + = rare; — = present; and blank spaces indicate absent.

Preliminary Sedimentological Interpretation of
the Callovian ““Black’’ Shales within Cores 122
through 127

““Black’’ shales were first encountered in Core 122,
Section 2 and continued stratigraphically downward to
Core 124, Section 1 as thin layers of predominantly 2 cm
or less in thickness. In Core 125, in the vicinity of the
transition between Subunits 7¢c and 7d (see Table 4), they
represent 3.9 m out of the total 8.5 m recovered and are
most abundant in Core 125, Sections 3 to 6. In Cores
122 to 124 the “‘black’’ shale occurs in a sequence domi-
nated by turbiditic marly limestones, whereas in Core
125, the background sediment is mainly composed of
dark-colored or green claystones with only minor rede-
posited sediments. The percentage lithological composi-
tion of the individual core sections is shown in Table 4,
as calculated from detailed observations and the visual
description sheets; the percentage of claystone is given
as the remainder after the calculation of the abundance
of the other lithologies. The data in this table clearly
demonstrate the lithological transition occurring at the
boundary between Subunits 7c and 7d; there is a signifi-
cant downward decrease in the abundance and bed thick-
ness of the turbiditic marly limestones and a correspond-
ing increase in the percentage of “‘black”’ shales. Slump
structures and graded claystone units characterize Sub-
units 7d and e. It should be appreciated that these con-
trasts are accentuated by the poor recovery (16.7%) in
Core 124.

The ‘‘black’’ shales are actually greenish black
(5G2/1) to olive black (5Y2/1) and are finely laminated,
whereas the ordinary claystones have a planar but some-
what mottled fabric, which probably resulted from some
degree of bioturbation. Both the black shale and the
green claystones are relatively organic rich. Recorded

organic carbon values are <2.5% (black shale) and
=< 1.4% (claystone). The laminated nature of the black
shales may indicate that the bottom waters were poorly
oxygenated at the time of deposition (i.e., <=0.5 ml/l
;). This view could be supported by the presence of
phosphatic oolitic concretions in the sequence. At the
present time such concretions are only known to form in
areas of <1.0 ml/] of dissolved oxygen, where the pH
lies betwen 7.1 and 7.5 and the Eh between 0 to —200
mV, and where the sedimentation rate is at least periodi-
cally very slow. Although at present these conditions oc-
cur only at the margins of oxygen minimum zones on
the continental slope, the paleobathymetric position of
Site 534 in the Callovian (at least 2.8 km deep, based on
backtracking) indicates that the oxygen minimum model
for black-shale genesis is inappropriate for this sequence.
No evidence of bottom-water currents was observed
within the individual black-shale beds, although there is
good evidence for such activity in the claystone slumps,
and graded, redeposited sediments are sometimes inter-
calated. In the intermittent absence of good bottom cir-
culation, a pool of oxygen-depleted water could periodi-
cally have formed on the floor of the basin. Alternative-
ly, the black, organic-rich muds would have been rapid-
ly transported into the basin by turbidity currents and
then buried to produce subsurface reducing conditions.

The development of black shales during the Callovi-
an is a relatively rare phenomenon. Some organic-rich
intervals are found in Northwest Europe, but these are
probably controlled by ““local’’ facies and paleogeog-
raphy; and there is no indication of a global ‘“‘oceanic
anoxic event,”” as observed in the Toarcian or in parts of
the Cretaceous. The pattern of the distribution of the
black shales within the cored interval at Hole 534A im-
lies that the factors resulting in their formation (e.g.,
bottom-water oxygenation, organic-matter input, sedi-
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Table 4. Percentage lithologic composition of Cores 122 through 127.

Graded

Marly No. Average  Black intraclastic No. Average Claystone No. Average
Thickness Radiolarian limestone limestone thickness shale Claystone claystone graded thickness slumps slumped  thickness
Core  Section (cm) silts (%) (%a) beds (em) (%o) (o) units (%) beds (cm) (%) beds (cm)
122 1 150 5.2 56.7 8 10.3 0 38.1 0 0
2 105 1.8 76.2 8 9.9 2.9 19.1 0 0
= 123 1 145 0.6 80.7 10 1.3 5.5 13.1 0 0
2R 2 150 1.7 64.7 9 10.3 4.7 289 0 0
3 3 150 1.9 53.3 10 3 1.3 43.5 0 0
4 125 0 72 9 10.2 4.8 23.2 0 0
124 1 95 0 78.9 8 9.5 2.1 19 0 0
kS 125 1 150 1.5 12 5 3.4 1.3 61.9 7.3 3 3.7 0
o 2 150 1.6 40 14 3.9 24.7 36.7 0 0
o 3 150 33 32.7 7 49 6 0 0 0
= 4 150 4.5 2.7 1 4 2.1 3.4 6.7 3 33 10 1 15
= 5 120 1.6 0 52.5 32.5 6.7 2 4 6.7 2
P 6 97 1.0 0 68 22.8 8.2 2 4 0
£~ 126 1 150 0.7 0 0 72.6 16.7 5 5 10 1 15
@ 2 150 0.9 0 0 87.8 3.3 3 1.7 8 1 15
3 150 0 0 0 78.7 14 4 5.3 7.3 3 3.7
s 4 150 0 0 1] 70 7.3 2 55 2.7 4 8.5
S 7 1 150 1.0 0 0 68.4 26.7 1 4.0 5.3 1 8
E 2 150 0 0 0 100 0 0
3 150 0 0 0 100 0 0
4 20 0 0 0 100 0 0
Note: Blank spaces indicate item not applicable.
mentation rate) were delicately balanced. Shipboard evi- .
) y P p Table 5. Organic carbon data, Hole 534A.
dence suggests that the sub-bottom of the early to mid-
dle Callovian Atlantic was periodically oxygen-depleted. Sampie
Fine-grained, woody carbonaceous debris was ob- S s ok oy g—
served macroscopically, in smear slides, and in thin sec- T ity lestooe tbiaiey, 038 32 -
1 1 H 2 23.2, 79 M I biditi . e
tions taken from Cores 122 through 127. Eight sediment : o i o T
samples were submitted for examination by the Rock- 4 124-1, 56 Marly limestone (turbiditic) 034 7c
. 3 5 125-3, 100 Black shale 1.80 Te Transition zone
Eval pyrolysis method (Table 5). The resulting oxygen 8 1254, 70 Black shale 240 m}
. . N . . . 7 126-2, 30 Calcareous claystone 1.10 7d
indices indicate predominantly Type 111 kerogens (i.e., 6 1264, 20 Calcareous claystone 016 e

woody, terrestrially dominated), but the two black-shale
samples exhibited significantly higher hydrogen indices
than those from more oxygenated facies, suggesting a
more mixed composition. These data are insufficient to
enable us to make any speculations on the nature of the
black-shale depositional mechanism, but there are three
main alternatives:

1) Inputs of allochthonous organic matter increased
periodically, creating an oxygen demand greater than
could be filled by bottom-water oxygen renewal.

2) Poor circulation led to oxygen depletion and
hence greater preservation of the backround organic
matter input.

3) Organic-rich sediments were rapidly deposited and
buried without reworking, leading to subsurface reduc-
ing conditions (in this case bottom water need not have
been reducing).

These models are not mutually exclusive and need fur-
ther investigation.

Igneous Rocks (Unit 8)

Figure 39 summarizes the igneous rock sequence en-
countered at Hole 534A. We distinguished 29 cooling
units on the basis of texture, occurrences of glassy mar-
gins and sediment intercalations, and alteration zones.
Dark greenish gray, phyric basalt is the principal igne-
ous rock type in this sequence. Vesicles are common, av-
eraging about 2 to 5% of the rock volume; most of these
are filled with dark green, yellow to brown clays (smec-
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tites, celadonite[?]) and/or sparry calcite, which gives
the rocks a porphyritic appearance. These basalts are
moderately fractured, with calcite as the common frac-
ture filling. Calcite is also the common mineral filling
vesicles in zones around these fractures. In addition,
green claystone and reddish brown siliceous limestone
fill some fractures. Glassy margins, used to distinguish
cooling-unit boundaries, are generally darker-colored
and more fine-grained than the basalt away from the
margin. Almost all of these glassy zones are devitrified
and altered to green and brown clays. Several cooling
units are not bounded by glassy margins (e.g., cooling
Units 6 and 14), but are composed of basalts that are
texturally similar to those with glassy boundaries.
Basalt breccias and alteration zones occur in several
cores (e.g., Core 129, Section 1, Piece 13 and Core 129,
Section 2, Piece 1; Fig. 40). Basaltic fragments in the
breccias are angular, moderately to intensely altered,
and are set in a matrix of quartz, calcite, and green clay.
Yellowish brown palagonite(?) occurs in the breccias,
probably as an alteration product of basaltic glass. Al-
teration zones appear to be mixtures of sparry, coarsely
crystalline calcite, quartz, and fine green clay (smectite).
In Piece 1 in Core 129, Section 1, a layer of calcite rims
vesicular basalt. The calcite, in turn, is coated by green
clay, then quartz; the quartz has a botryoidal surface.
Pieces 3A and 3B in Core 129, Section 2, are composed
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Reddish-brown nannofossil claystone
overlying variolitic basalt, Basalt is
probably a flow; contact between

basalt and sediment destroyed by drilling
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are texturally similar to associated pillows.
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1655 — l

Pillow basalt{?) with intercalated basaltic
breccia, reddish clayey limestone and siliceous
claystone, and calcite/quartz/palagonite(?)
alteration zones. Unit 14 lacks glassy margins,
but is texturally similar to associated pillows.

1660 — 23

0 75

Pillow basalt(?), fairly uniform with abundant
filled vesicles and glassy margins.

1665

T.D.=1666.5m
Igneous

E Pillow basalt

E Flows/pillows without
glassy margins

Basaltic breccia

Sedimentary

Reddish brown
nannofossil claystone

E Clayey red limestone
in basalt

EI Reddish siliceous
claystone in basalt

- Calcite/quartz/palagonite
alteration zones

Figure 39. Summary of igneous rocks recovered from Hole 534A—Unit 8.

of irregularly laminated green smectite, calcite, and
quartz below coarsely crystalline calcite and quartz.
These observations are confirmed by thin-section analy-
ses.

Sedimentary rocks intercalated with these basaltic
rocks include reddish brown clayey limestone and sili-
ceous claystone. The limestones are micritic with abun-

dant clay. The siliceous rocks are aphanitic, irregularly
shaped, and altered to greenish colors near the contacts
with basalt. We observed abundant filament microfos-
sils in a thin section of the limestone in Sample 534A-
128-3, 107-109 cm. Both the claystone and limestone
yielded rare, recrystallized, and indeterminate nanno-
fossils.
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Figure 40. Moderately fractured basalt with calcite as the common
fracture filling (Sample 534A-129-2, 58-75 cm).

Petrography

Samples examined from Hole 534A are aphyric to
microporphyritic basalts containing phenocrystic calcic
plagioclase and augitic clinopyroxene in an altered me-
sostasis of devitrified basaltic glass, opaque minerals,
calcite, and clay. Plagioclase occurs as small (0.1-0.5
mm), skeletal (very thin elongate-tapered, swallow-
tailed, and hollow) crystals with common albite twins,
and, less often, as larger (0.5-1 mm), box-shaped, and
equant grains in clusters. The latter sometimes show
Carlsbad twinning. The average plagioclase composi-
tion is Angy 75. Many of the larger crystals have thin,
more sodic rims.

Augitic clinopyroxene (Z AC = 42°) appears to be
the only pyroxene in these basalts, and it occurs only in
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the coarser-grained portions of flows, away from glassy
margins. These crystals are small (~0.2 mm) and occur
either as single, euhedral grains with corroded edges
(clay alteration, not reaction with the melt) or, more
commonly, as irregular masses near the center of clusters
of slender plagioclase laths (subophitic to intersertal tex-
ture) and plumose crystals associated with these glomer-
ocrystic feldspar masses.

Olivine is not present, however, several samples from
the middle of flow units contain sparse, euhedral olivine
pseudomorphs, now completely altered green clay.

The mesostasis of these basalts is a variolitic mixture
of devitrified glass and opaque minerals, with variable
amounts of alteration products, principally green clay
and calcite. Groundmass plagioclase and pyroxene phas-
es increase in amount in the coarser-grained portions.
Opagque minerals (principally titanomagnetite) are small
(<100 pm), skeletal to subhedral crystals (reflected
light). These occur most commonly in the glass between
plagioclase laths and concentrated along the edges of
plagioclase clusters and crystals. Vesicles in these rocks
are filled with green, yellowish brown clays (smectites,
celadonite[?]), and/or calcite.

Textures of these basaltic rocks ranges from glassy to
hyalopilitic. Most samples examined are variolitic and
hyalopilitic with interstitial altered glass. Over a dis-
tance of 2 to 5 cm across a glassy margin, textures prog-
ress from glassy, to variolitic, to granular intersertal.
Glomerocrystic plagioclase and augite have intersertal
to hyalophitic textures. We did not examine textural
progressions over distances of more than several centi-
meters in any single cooling unit. Once away from glassy
margins, however, textures appear to be fairly uniform
within any unit. Textural differences among cooling
units include variations in the abundance of phenocrysts
and the degree of alteration. Cooling Units 1 and 14 are
composed of vitrophyric basalts that have been almost
entirely altered to clays. No augite occurs (or remains)
in the samples examined from these two units. Both
units are bounded by sediments rather than delineated
by glassy margins or alteration zones, as are all the other
cooling units. Almost all the other cooling units that
were examined petrographically contain some augite in
samples taken away from glassy margins.

Interpretation

Based on preliminary textural and compositional
data, the basaltic rocks recovered at Hole 534A prob-
ably are oceanic tholeiites similar to those recovered at
DSDP Sites 100 and 105 (Bryan, 1972). The mineral
paragenesis suggested is: plagioclase — plagioclase +
pyroxene — opaques (titanomagnetite?). Olivine may
have been a minor primary phase. Later alteration prod-
ucts include green and yellow phyllosilicates (nontro-
nite[?], celadonite[?], palagonite[?], calcite, and quartz.
Composition and textural similarities among the flow
units at this hole suggest that all may have come from a
common source. We interpret the abundant glassy mar-
gins marking the boundaries between these flow units as
rinds of pillow lavas that were abruptly chilled when ex-
truded on the seafloor. Intercalated sediments, basaltic



breccias, and rock fragments composed of sparry calcite
and quartz (sometimes with horizontal layering) were
deposited and/or precipitated in the voids between ad-
jacent pillows.

BIOSTRATIGRAPHY
Blake Ridge Formation

Foraminifers

At Site 534 2.1 m of this Formation were penetrated.
Three samples (534-1-1, 0-2 cm; 534-1-1, 90-110 cm;
534-1,CC) have yielded common to abundant, moderate-
ly to well-preserved foraminifers. Planktonic forms pre-
vail and represent 92 to 97% of the assemblages. Rare
benthics include miliolids and anomalinids.

Samples 534-1-1, 0-2 cm and 534-1-1, 90-110 cm con-
tain Globorotalia truncatulinoides (few to common), G.
tumida tumida (common), G. tumida flexuosa (few), G.
hirsuta, G. inflata (few), G. crassaformis, Globigeri-
noides spp., Pulleniatina obliguiloculata, and P. finalis.
These assemblages, predominantly composed of keeled
and warm-water forms, have been tentatively identified
as Holocene. In Sample 534-1,CC, the same species have
been found, however, the proportion of keeled forms is
strongly reduced and the population of globorotalids is
dominated by Globorotalia inflata. This cooler-water
assemblage, in which Pulleniatina finalis is still present,
has been assigned to the late Pleistocene.

Great Abaco Member

About 160 m of intraclastic chalks and siliceous mud-
stones were cored between 536 and 696 m below the sea-
floor. The unit is assigned to the Great Abaco Member
of the Blake Ridge Formation. Foraminifers are gener-
ally rare and poorly preserved; planktonic forms pre-
vail. Calcareous nannofossils are common and moder-
ately well preserved. The wash-core at the top of the sec-

SITE 534

tion (H1) is dated as middle Miocene; the remainder of
the section recovered is early Miocene. Larger foramini-
fers, exclusively found in the redeposited beds, are dated
as late Eocene. Reworked Paleogene and Late Creta-
ceous nannofossils occur throughout the cored interval
of the Great Abaco Member (Table 6).

Foraminifers

The cores of Hole 534A, which lithologically corre-
spond to approximately 150 meters of the Great Abaco
Member of the Blake Ridge Formation, have yielded
early and middle Miocene foraminifer assemblages. As
a result of deposition close to the CCD, most of the core-
catcher samples were barren. The use of additional sam-
ples that were selected in turbiditic levels was thought to
yield better recovery. Few of these turned out to be fos-
siliferous and only yielded few, poorly preserved plank-
tonic foraminifers. Wash-core H1 (Sample H1,CC) con-
tains an assemblage with Globorotalia fohsi periphero-
ronda, Globoguadrina dehiscens, G. altispira, Orbulina
suturalis, and also few displaced larger benthic foramin-
ifers such as Amphistegina sp. The assemblage is as-
signed to the middle Miocene Globorotalia fohsi Zone.

Sample 534A-3-2, 83-85 cm yielded Globigerinoides
sicanus and Globoquadrina dehiscens. Orbulina is ab-
sent, and therefore Core 3 is placed in the Globigerina-
tella insueta Zone. The age is late early Miocene.

In Cores 7, 10, and 14, more impoverished assem-
blages have been found, which comprise Globigerinita
(Catapsydrax) dissimilis, Globorotalia siakensis (7,CC),
and G. kugleri (10,CC, 14,CC). As a result, the interval
from Cores 10 to 14 has been assigned to the G. kugleri
Zone. The age is early early Miocene.

In some assemblages, a few small calcareous benthic
foraminifers such as Bolivina and Cibicides occur.

Several cores (for instance, Cores 7 and 17) have
coarser levels with calcarenitic facies containing numer-
ous and moderately preserved larger benthic foramin-

Table 6. Preliminary biostratigraphy of the Great Abaco Member, Cores

1 through 18, Hole 534A.

Age Cores

middle Miocene

early to middle Miocene
late early Miocene
late early Miocene
late early Miocene
late early Miocene
middle early Miocene
middle early Miocene
middle early Miocene
early early Miocene
early early Miocene
early early Miocene
early early Miocene
early early Miocene
early early Miocene
early early Miocene
early early Miocene
early early Miocene
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Biostratigraphy
Foraminifers Coccoliths

G. fohsi

S. heteromorphus
G. insueta H. ampliaperta

H. ampliaperta

S. belemnos

S. belemnos
C. dissimilis (1) T. carinatus

T. carinatus

T. carinatus
G. kugleri T. carinatus
G. kugleri T. carinatus
G. kugleri T. carinatus
G. kugleri T. carinatus
G. kugleri T. carinatus

T. carinatus

T. carinatus

T. carinatus

T. carinatus
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ifers, such as Lepidocyclina (common), Nummulites
(few), Assilina, Operculina, Amphistegina (rare), Disco-
cyclina, and Heterostegina (very rare), and some plank-
tonics. Tentatively, this shallow marine (photic zone)
assemblage has been identified as late Eocene.

A similar assemblage was found in the Miocene de-
bris flow deposits at Site 391. The origin of this redepos-
ited fauna is thought to be in the Bahama channels,
where shallow marine Paleogene deposits crop out.

Nannofossils

Lower Miocene nannofossils are common and gener-
ally moderately well preserved. In the siliceous mud-
stones, the coccoliths are usually etched. Secondary
overgrowths are observed in the majority of the samples
from the intraclastic chalks. Core 1 of Hole 534A did
not recover any sediment. Core 2 contains an assem-
blage assigned to the Sphenolithus heteromorphus
Zone, with Discoaster exilis and Sphenolithus hetero-
morphus. This zone straddles the early and middle Mio-
cene boundary. Cores 3 and 4 recovered coccolith as-
semblages that belong to the Helicosphaera ampliaperta
Zone, with rare occurrences of the marker species and a
predominance of Discoaster deflandrei over slim-rayed
discoasters. Cores 5 and 6 are assigned to the Sphenoli-
thus belemnos Zone, based on the presence of the nomi-
nate taxon. Cores 7 through 18 contain Triguetrorhab-
dulus carinatus and only rare Reticulofenestra abisecta
and thus belong to the upper part of the Triguetrorhab-
dulus carinatus Zone, which is dated as earliest Mio-
cene. Reworked Paleogene and Late Cretaceous cocco-
liths occur throughout this lower Miocene interval, es-
pecially in the intraclastic chalks and other redeposited
carbonates.

Sedimentation Rates

We have assigned an age of about 14.5 m.y. to Core 2
and about 21 m.y. to the bottom of the Great Abaco
Member cored at this site. This age assignment yields a
sediment accumulation rate of 23 m/m.y. for the recov-
ered part of this stratigraphic unit.

Bermuda Rise, Plantagenet, and
Hatteras Formations

The Bermuda Rise Formation contains upper Eocene
nannoplankton in Cores 19 and 20. The Plantagenet
Formation is probably lower Maestrichtian, on the basis
of planktonic foraminifers in Cores 24 through 26. Core
25 contains some Tertiary nannofossils that are possibly
downhole contaminants. The upper part of the Hatteras
Formation is upper Albian (Vraconian); Core 27 has
rare Vraconian-Cenomanian foraminifers, and Cores
27 to 30 are identified by palynology as Vraconian (up-
permost Albian). Cores 31 through 33 in the middle part
of the Hatteras Formation are upper Albian, based on
dinoflagellates, and Cores 34, 35, and 38 are middle Al-
bian, according to evidence provided by dinoflagellates
and nannofossils. This identification agrees well with
palynology that places the underlying Core 39, Section 6
in the lower Albian and Cores 41 and 42 in the upper
Aptian. There were no diagnostic foraminifers or nan-
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nofossils found in Cores 39 through 43. The foramini-
fers and nannoplankton in Core 44 are lower middle
Aptian. On the basis of calcareous nannofossils and for-
aminifers, Cores 45 and 46 belong to the upper Barre-
mian; dinoflagellates indicate that these cores are lowest
Aptian (Table 7).

Foraminifers

Bermuda Rise Formation

The three cores (19-21) that have been assigned to the
Bermuda Rise Formation yielded very rare foraminifers.
Sample 534A-19,CC contains a single specimen of Ci-
bicides, and Sample 534A-20,CC has very rare and
tiny specimens of poorly preserved Globigerinids, which
might possibly be attributed to Acarinina senni and
to the G. eocaena group. This tentative identification
would agree with that of the Eocene for Cores 19 through
20, based on coccoliths.

Plantagenet Formation

Sample 534A-23-1, 21-23 cm yielded rare upper
Campanian-lower Maestrichtian Globotruncana arca,
G. gr. stuartiformis, and Heterohelix sp., and one speci-
men of Racemiguembelina sp., which is an upper Mae-
strichtian genus. In addition, Sample 534A-23,CC from
a turbidite shows in thin section Santonian to lower
Maestrichtian Globotruncana lapparenti lapparenti and
G. linneiana bulloides. Core 23 has therefore been as-
signed to the Maestrichtian.

Cores 24 to 26 have provided rare and moderately
preserved, mostly agglutinated benthic and calcareous
planktonic foraminifers. On the basis of the different
nature and preservation of the tests, it seems that the
reddish agglutinated forms do represent the nondis-
solved remaining part of the /n situ very deep micro-
fauna, whereas the white chalky, and frequently broken
planktonic shells could have been transported to this site
by some kind of turbiditic process. As a result, we can-
not be entirely certain that the planktonic forms give us
the time of deposition at Site 534.

Samples 534A-24-2, 8-10 cm, and 534A-24-3, 74-76
cm have provided very rare and undiagnostic small tro-
chamminids. Samples 534A-24-4, 41-43 cm, 534A-24,
CC, 534A-25,CC and 534A-26,CC yielded a rather scan-
ty microfauna, including Globotruncana arca, G. cf.
ventricosa, G. stuartiformis, G. gr. stuarti, Rugoglobig-
erina spp., Heterohelix sp., and Pseudotextularia sp., ac-
companied by agglutinated general such as Bathysiphon,
Glomospira, Ammodiscus, Haplophragmoides, and so
on. The planktonic part of the assemblage indicates that
deposition took place in the early Maestrichtian.

If a reworking of this Maestrichtian assemblage had
taken place in the Paleocene through the middle Eocene,
we could also have expected to find the planktonics of
this time interval, but only Campanian-Maestrichtian
forms were found. Foraminiferal oozes of both ages oc-
cur on the nearby Blake Plateau and Escarpment. Also,
Maestrichtian microfaunas and/or floras have already
been found in the lower part of the Plantagenet Forma-
tion at several North Atlantic sites (Holes 386, 387, 391C,



Table 7. Preliminary biostratigraphy of the Bermuda Rise, Plantagenet, and Hatteras formations, Cores 19 to 46, Hole 534A.

SITE 534

Litho-
stratigraphy  Cores Foraminifers Coccoliths Dinoflagellates Age
19 D. barbadiensis to D. saipanensis late Eocene
Bermuda Rise { 20 late Eocene
Formation 21 ?
22 ?
23 G. mayaroensis to G. Maestrichtian
Plantagenet stuarti
Formation 24 G. stuarti early Maestrichtian
25 G. stuarti early Maestrichtian
\ 26 G. stuarti early Maestrichtian
27 P. and H. delrioensis S. echinoideum (p.p.) Vraconian
28 S. echinoideum (p.p.) Vraconian
29 S. echinoideum (p.p.) Vraconian
30 S. echinoideum (p.p.) Vraconian
31 S. echinoideum (p.p.) Albian
32 S. vestitum late Albian
33 S. vestitum late Albian
34 P. cretacea S. vestitum middle Albian
35 P. cretacea S. vestitum middle Albian
36 P. cretacea S. perlucida middle Albian
Hatteras 37 P. cretacea S. perlucida middle Albian
Formation < 38 P. cretacea S. perlucida early Albian
39 8. perlucida early Albian
40 ?
41 S. perlucida (and D. deflandrei late Aptian
LAD)
42 S. perlucida late Aptian
43 S. perlucida Aptian
i G. blowi; H. sp. aff. C. litterarius S. perlucida early Aptian
planispira
45 H. sp. aff. planispira W. oblonga S. perlucida early Aptian to late
Barremian
\_46 ? W. oblonga S. perlucida early Aptian or

late Barremian

391C, Jansa et al., 1979). We have therefore tentatively
dated the Plantagenet Formation as defined at Hole
534A as early Maestrichtian.

Hatteras Formation (Cores 27-46)

Rare and not particularly age-diagnostic agglutinated
benthic foraminifers have been found in Cores 27, 28, 31,
33 to 37, 40, and 41. Cores 34 to 37 contain Trocham-
mina vocontiana, Ammodiscus cretaceus, A. gaultinus,
Dorothia filiformis, Haplophragmoides bulloides, and so
on, that is, an Early Cretaceous assemblage, which, in
the Tethyan realm, is frequently found in the upper Ap-
tian-Albian interval. Nevertheless, this relatively unpre-
cise dating is consistent with the age that has been given
to this interval by the coccoliths and dinoflagellates. In
addition to some unidentified trochamminids, Sample
534A-27,CC (near the top of the Hatteras Formation)
has also provided a single specimen of Praeglobotrun-
cana delrioensis and very rare Hedbergella delrioensis.
Core 27 has therefore been assigned to the Vraconian-
Cenomanian.

The interval comprising Cores 44 and 45 has yielded,
in addition to the usual trochamminids, few and gen-
erally poorly preserved calcareous specimens. Sample
534A-44-1, 131-133 cm contains Hedbergella sigali, Cla-
vihedbergella bizonae, Gavelinella sp. Sample 534A-
44-4, 30-32 cm shows a few Gavelinella sp. aff. brielen-
sis, thus permitting us to assign Core 44 to the middle

and lower Aptian. Sample 534A-45-4, 8-10 cm yields
rare Gavelinella cf. barremiana, Dorothia ouachensis,
Hedbergella sp. aff. planispira (sensu Moullade, 1966,
non H. similis Longoria). In Sample 534A-45,CC few
H. sp. aff. planispira, rare H. sigali, H. infracretacea,
and Clavihedbergella eocretacea have been found. Core
45 is therefore assigned to the lower Aptian-upper Bar-
remian, with a higher probability that Sample 534A-
45,CC belongs to the Barremian rather than to the Apti-
an. Core 46 was devoid of foraminifers.

On the basis of the frequent absence of foraminifers
and the presence of only impoverished agglutinated mi-
crofaunas in some levels, the shaly Bermuda Rise, Plan-
tagenet, and Hatteras formations seem to have been de-
posited very close or just below the CCD, at slightly
greater depths than at adjacent Hole 391C.

Nannofossils

Bermuda Rise Formation

Poorly preserved coccolith assemblages, which in-
clude Discoaster barbadiensis, D. saipanensis, Reticulo-
Jfenestra umbilica, and R. scrippsae were found in Cores
19 and 20. Dissolution resulted in the destruction of
some of the stratigraphically important forms. Thus
zonal assignment of these two cores to an interval from
the Discoaster saipanensis Subzone of the Reticulofen-
estra umbilica Zone to the Discoaster barbadiensis Zone
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SITE 534

is considered tentative. However, an upper Eocene as-
signment for these cores seems certain. Core 21 lacks
calcareous nannofossils.

Plantagenet Formation

Cores 23 and 24 are devoid of calcareous nannofos-
sils. The core catcher of Core 25 contains a very sparse
nannofossil assemblage composed mostly of Tertiary
forms, such as Cyclicargolithus floridanus, C. pelagi-
cus, C. eopelagicus, and Discoaster deflandrei. Although
these forms have long stratigraphic ranges, the assem-
blage is definitely indicative of a Tertiary age, possibly
late Eocene. Only two Upper Cretaceous specimens were
recoverd from Core 25, namely Arkhangelskiella cymbi-
formis and Micula staurophora. This mixed assemblage
is either the result of reworking of Cretaceous forms in-
to Eocene sediments or of downhole cavings mixed into
a very poor Cretaceous assemblage during drilling. Core
26 does not contain any coccoliths.

Hatteras Formation

The upper part of the Hatteras Formation (Cores
27-33) lacks coccoliths. Carbonate-rich layers in Cores
34, 35, and 38 contain assemblages including Parhabdo-
lithus angustus and rare Deflandrius cretaceus; they are
assigned to the middle Albian Zone NC8. Samples from
Cores 36, 37, and 39 through 42 are devoid of cal-
careous nannoplankton. Increasing carbonate content
in Cores 43 through 46 resulted in the preservation of
rich calcareous nannofossil assemblages. Cores 43 and
the upper part of 45 still contain Chiastozygus litterarius
and rare Vagalapilla matalosa and are thus assigned to
the lower Aptian Zone NC6. Cores 45 (lower part) and
46 contain Nannoconus colomi but lack C. litterarius
and V. matalosa and therefore belong to the upper Bar-
remian Zone NC5a.

Palynology

The Hatteras Formation extends from the strati-
graphic level of Core 27 down to that of Core 49. For
the purpose of this report, the base of the sediment tran-
sitional to the underlying Blake-Bahama Formation is
placed in Core 49. The dinoflagellates at the top of the
Blake-Bahama Formation in Core 391C-14 (Benson et
al., 1978; Habib, 1978; Jansa et al., 1979) are used to
make this assignment in Core 49. The top of the Hat-
teras Formation lies within the Spinidinium echinoideum
Zone, which ranges from Cores 27 to 30 (Sample 534A-
30-1, 15-17 cm). This zone ranges from lower Cenoma-
nian to Vraconian (uppermost Albian). However, the
highest sample investigated, 534A-27-1, 66-68 cm, con-
tains Spinidinium vestitum Brideaux and Hystricho-
sphaeridium arundum Eisenack and Cookson, which in-
dicates that it is older than the Albian/Cenomanian
boundary. On the basis of this evidence, the top of the
Hatteras Formation in Hole 534A is Vraconian, which
correlates with Core 6 in Hole 391C and with Core 11 in
Hole 105 (Habib, 1977). Core 32 through Sample 534A-
36-1, 88-90 cm are upper Albian to middle Albian in the
Spinidinium vestitum Zone. Palaeohystrichophora in-
Sfusorioides Deflandre has its lowest occurrence in this
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Zone. The samples containing the Spinidinium vestitum
and Spinidinium echinoideum Zones yielded appreciable
organic residues; the vast majority of these residues,
however, is small terrigenous carbonized debris, which
represents the altered and comminuted tracheal tissue of
land plants (micrinitic facies). Palynomorphs are less well
represented and consist of as many as 20 to 25 species of
dinoflagellates in high relative percentages.

Sample 534A-36-2, 88-90 cm contains the micrinitic
facies but is devoid of palynomorphs. Sample 534A-36-
3, 88-90 cm through Core 39 are middle Albian to lower
Albian in the upper part of the Subtilisphaera perlucida
Zone. Dinoflagellates are still the dominant palyno-
morphs, except that samples from Cores 37 and 38 con-
tain abundant residues rich in pollen grains of Classo-
pollis and bisaccates, and larger fern spores. These cores
represent the first downhole occurrence where Classo-
pollis is abundant, although this genus ranges to the top
of the investigated section. The residue is still largely
carbonized, but there is now a large amount of both
well-preserved and carbonized larger tracheids (tracheal
facies).

Cores 41 and 42 consist of reddish to yellowish varie-
gated claystones, in contrast to the primarily black clays
higher in the section. Samples 534A-41-1, 42-44 cm,
534A-41-2, 42-44 cm, and 534A-41-3, 42-44 cm consist
of reddish hematitic clay containing very little, entire-
ly carbonized, organic residue of the micrinitic facies.
These samples are barren of palynomorphs. Sample
534A-41-6, 42-44 cm contains very little carbonized res-
idue and also few poorly preserved dinoflagellate cysts
and no sporomorphs. Cleistosphaeridium polypes (Cook-
son and Eisenack), H. arundum, Subtilisphaera perlu-
cida, (Alberti) and Druggidium deflandrei Habib occur.
The highest occurrence of D. deflandrei places this sam-
ple in the lower part of the Subtilisphaera perlucida
Zone, and indicates an age not younger than late Apti-
an. Samples 534A-42-1, 15-17 cm and 534A-42-2, 15-17
cm are composed of very small amounts of carbonized,
debris and are barren of palynomorphs. The strati-
graphic interval from 534A-42-3, 15-17 cm through
534A-49-3, 30-32 cm is Aptian in the lower Subtili-
sphaera perlucida Zone. This interval lies mostly within
the transitional lithology at the base of the Hatteras
Formation. Cores 44 and 45 contain an especially rich
residue containing the tracheal facies. Sporomorph spe-
cies and specimens are numerous and include a number
of large fern spore species, including those in Cicatrico-
sisporites, Appendicisporites, and Costatoperforospori-
tes. Classopollis remains the dominant sporomorph.
Amorphous (xenomorphic) debris is common and well-
preserved, and there is an abundance of chitinous lin-
ings of benthic(?) trochoidal foraminifers.

Blake-Bahama Formation

The Blake-Bahama Formation consists of turbiditic
sediments in the upper part, ranging downward to lami-
nated limestones and marls, to uniform radiolarian-
nannofossil limestones lacking clay laminae in the low-
est part. It contains common and moderately well pre-
served nannofossils and dinoflagellate cysts. Foramini-



fers appear to be rare and poorly preserved. Age-diag-
nostic forms have only been found in a few samples.
Age assignments based on calcareous nannoplankton,
foraminifers, and dinoflagellates are generally in good
agreement, except that foraminifers and nannofossils
date Core 45 as latest Barremian and dinoflagellates
date Core 49 still within the earliest Aptian. The ages
based on these fossils are summarized in Table 8. Few to
abundant radiolarians (replaced by calcite or pyrite)
were observed in most of the washed residues. Frag-
ments of ammonite aptychi were also observed from
Cores 64 to 89. Calpionellids were observed and strati-
graphically evaluated in Cores 87 to 91. Only Sample
534A-90-4, 19-20 cm yielded a good fauna, indicating a

SITE 534

level in the middle part of Zone B, very close to the Ti-
thonian/Berriasian boundary. The oldest Berriasian
dinoflagellate flora was found in Core 90, Section 2. On
the basis of nannofossil data, the Cretaceous/Jurassic
boundary is placed at the base of Core 91.

Foraminifers

Twenty-one core-catcher and seven additional sam-
ples were investigated from the 390 m of alternating
white limestones and gray shales representing the Blake-
Bahama Formation in Hole 534A (Cores 47-91). Only
few samples yielded rare and moderately well preserved
age-diagnostic foraminifer assemblages. Sample 534A-
47-4, 72-74 cm contained few and poorly preserved spe-

Table 8. Preliminary biostratigraphy of the Blake-Bahama Formation, Hole 534A.

Cores Foraminifers Nannofossils Dinoflagellates Calpionellids Age

47  C. eocretacea 3 S. perlucida late Barremian or early
Aptian

48 C. eocretacea S. perlucida late Barremian or early
Aptian

49 H. sigali-C. eocretacea O. operculata/P. neocomica late Barremian or early
Aptian

50 0. operculata/P. neocomica Barremian

51 > O. operculata/P. neocomica Barremian

52 H. sigali W. oblonga O. operculata/P. neocomica Barremian

53 H. sigali O. operculata/P. neocomica Barremian

54 D. ouachensis-G. eichenbergi O. operculata/P. neocomica Barremian

55 O. operculata/P, neocomica Barremian

56 O. operculata/P. neocomica Barremian

57 O. operculata/P, neocomica Barremian

58 < O. operculata/P. neocomica Barremian

59 O. operculata/P. neocomica Hauterivian

60 O. operculata/P. neocomica Hauterivian

61 D. rhabdoreticolatum Hauterivian

62 D. rhabdoreticolatum Hauterivian

62 D. rhabdoreticolatum Hauterivian

63 } C. cuvillieri D. rhabdoreticolatum

64 H. vocontianus D. deflandrei Hauterivian

65 D. deflandrei Hauterivian

66 D. deflandrei Hauterivian

67 D. deflandrei Hauterivian

68 D. deflandrei Hauterivian

69 y D. deflandrei Hauterivian

70 N ? D. deflandrei Valanginian

71 D. hauteriviana D. deflandrei Valanginian

72 D. deflandrei Valanginian

73 D. deflandrei Valanginian

74 » T. verenae-O. rectus D. deflandrei Valanginian

75 D. deflandrei Valanginian

76 D. apicopaucicum Valanginian

m D. apicopaucicum Valanginian

78 J D. apicopaucicum Valanginian

79 N D. apicopaucicum Valanginian

80 D. apicopaucicum early Valanginian

81 D. apicopaucicum early Valanginian

82 B. johnewingii late Berriasian

83 r R. neocomiana B. johnewingii late Berriasian

84 B. johnewingii late Berriasian

85 B. johnewingii late Berriasian

86 P B. johnewingii late Berriasian

87 3N T. salpinx early Berriasian

88 T. salpinx early Berriasian

89 ’ T. salpinx early Berriasian

90 r N. colomi Calpioneila B, middle latest Tithonian or
earliest Berriasian

91 B Calpionella B, middle latest Tithonian or

earliest Berriasian
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cimens of Clavihedbergella eocretacea, thus confirming
the age at the top of the Blake-Bahama Formation to be
Barremian. Samples 534A-49-3, 32-34 cm and 534A-
49,CC yielded a relatively more diversified Barremian
assemblage, composed of few agglutinated forms (A4m-
modiscus cretaceus, Trochamminids), some nodosarids
(including Pseudonodosaria humilis), Gavelinella sp.,
Hedbergelia sigali, and (Sample 534A-49,CC only) Cla-
vihedbergella eocretacea. Samples 534A-52,CC and 53,
CC provided rare and tiny specimens of Hedbergella si-
gali, accompanied in 53,CC by Dorothia ouachensis and
Gaudryinella eichenbergi. Therefore, the Hauterivian/
Barremian boundary can be set between Cores 52 and 53
(Moullade, 1966, 1974, in press; Magniez-Jannin, per-
sonal communication, 1980). Sample 534A-54,CC con-
tains few Dorothia ouachensis, rare Ammodiscus gaul-
tinus, Pseudonodosaria humilis, Lenticulina spp. (gr.
muensteri-gibba-crassa), and Gavelinella sp., and corre-
sponds to the upper part of the D. ouachensis Zone. In
the Tethyan realm the genus Gavelinella is known to ap-
pear first in the late Hauterivian; consequently, Sample
534A-54,CC has been assigned to the upper Hauterivi-
an. This assignment is consistent with that for Core 53—
the uppermost Hauterivian, indicated by both foramini-
fers and coccoliths. The interval comprising Cores 55 to
63 is barren of foraminifers based on the study of both
core-catcher and few additional samples. In Sample
534A-64,CC, rare Haplophragmoides vocontianus, Am-
modiscus gaultinus, Pseudonodosaria humilis, and Tro-
chammina sp. have been found. In the Tethyan realm
H. vocontianus ranges from the uppermost Valanginian
to the lower upper Hauterivian (Moullade, 1980, in
press). Also taking into account the coccolith data, the
Valanginian/Hauterivian boundary has thus been tenta-
tively set between Cores 63 and 64. No foraminifers
were found in the sequence of Cores 65 to 70. Sample
534A-71,CC yielded the most diversified Lower Creta-
ceous assemblage of Hole 534A. This assemblage com-
prises common Dorothia hauteriviana and rare transi-
tional specimens between this species and its phyloge-
netic ancestor, D. praehauteriviana, thus indicating an
age of early late Valanginian. The age is in agreement
with the simultaneous occurrence of rare specimens of
Lenticulina nodosa (Moullade, 1980, in press). The as-
semblage from Core 71 can be correlated with the “‘D.
praehauteriviana assemblage’’ that was found at ap-
proximately the same sub-bottom depth in Hole 391C
(Cores 24 and 26; Gradstein, 1978a); it also occurs at
Site 105 (Cores 19-21) and in Hole 101A (Core 10) (Lu-
terbacher, 1972).

On the basis of a study of core-catcher samples, the
interval from Cores 72 to 82 is devoid of foraminifers.
Cores 83, 86, and 89 contain poor and non age-diagnos-
tic assemblages comprising few agglutinated benthics
such as ““Spirillina’’-like Ammodiscus, Bathysiphon, Re-
ophax, Ammobaculites, very rare trochamminids, and
few calcareous nodosariid benthics such as Lenticulina
(muensteri, gibba, crassa, etc.) and Pseudonodosaria
humilis. On the basis of additional samples, we believe
that further investigations will be needed before these
unusual and still poorly known Berriasian assemblages
can be fully described.
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The scanty and sporadic foraminifer occurrence in
the Neocomian Blake-Bahama Formation from the west-
ern North Atlantic deep ocean stands in contrast to the
contemporaneous and rich Tethyan microfaunas (Moul-
lade, 1966). This contrast is probably due to the greater
depth of deposition of the Blake-Bahama Formation,
closer to the CCD level. Early diagenetic dissolution
may have also impoverished the autochthonous micro-
fossil assemblage.

Palynology

Samples 534A-49-4, 30-32 cm through 534A-61-2,
73-75 cm contain the lower lower Aptian to upper Hau-
terivian Phoberocysta neocomica/Odontochitina oper-
culata Zones. Phoberocysta neocomica (Gocht) has its
highest occurrence in the highest sample of this Zone.
This species has been used by palynologists to define the
Aptian/Barremian boundary, although Millioud (1969)
reported it in the lower Aptian of the Angles stratotype
section. It is also known to range through the lower half
of the Bedoulian in its stratotype (Habib and Drugg,
this volume). Cores 49 through 61 show a transition in
the recovered residues from little micrinitic debris or ad-
mixed micrinitic-xenomorphic debris (49-51) to a rich
residue containing well-preserved xenomorphic debris,
numerous pollen grains (Classopollis), and foraminifer-
al linings (52-55), to a rich residue containing a well-de-
veloped tracheal facies (56-61) similar to that found in
Cores 44 and 45. The distribution of organic facies cor-
responds fairly closely to that of the lithology. From
Core 51 downward, the lithology becomes increasingly
more turbiditic, with turbidites attaining greatest thick-
ness in Core 58. It remains turbiditic through Core 61,
but to a lesser extent.

Samples 534A-62-1, 41-42 cm and 534A-63-2, 38-40
cm contain very little residue of admixed xenomorphic/
micrinitic debris in the Hauterivian Druggidium rhab-
doreticulatum Zone. Druggidium apicopaucicum Habib
has its highest stratigraphically persistent occurrence in
Sample 534A-63-2, 38-40 cm, which supports the Hau-
terivian assignment. This species occurs also in Core 49,
but it is believed to be reworked there because of the
large stratigraphic gap between these two levels of oc-
currence. Samples 534A-65-5, 40-42 cm through 534A-
75-1, 43-44 cm contain the Hauterivian to upper Valan-
ginian Druggidium deflandrei Zone. The highest occur-
rence of Scriniodinium dictyotum Cookson and Eisen-
ack in Sample 534A-72-2, 34-36 cm indicates that this
sample is not younger than Valanginian. Samples in
Cores 67 to 69 contain abundant carbonized debris, in-
cluding many large carbonized tracheids, and numerous
poorly preserved pollen grains (mostly Classopollis) and
xenomorphic debris, as well as numerous chitinous lin-
ings of foraminifers (oxidized tracheal facies?). In Cores
72 to 74, the organic facies consists of abundant and
well-preserved xenomorphic debris, pollen grains, and
foraminiferal linings. The facies of Cores 67 to 74 lie
within laminated chalks and graded claystones alternat-
ing with burrowed chalks.

Samples 534A-76-3, 10-12 cm through 534A-81-1,
61-62 cm are assigned to the lower upper Valanginian to



lowest Valanginian Druggidium apicopaucicum Zone in
thinly laminated marly chalks and bioturbated lime-
stones. A well-preserved and well-developed tracheal fa-
cies is present, which ranges up into Core 75.

Samples 534A-82-1, 53-55 cm through 534A-86-1,
148-150 cm contain the upper Berriasian Biorbifera
Jjohnewingii Zone. Amphorula metaelliptica Dodekova
is restricted to this Zone in the North Atlantic. Begin-
ning with Core 84, there is a marked change of lithology
downward to uniform pelagic oozes and marls lacking
laminated clay layers. Reddish calcilutites similar to
those of the underlying Cat Gap Formation occur in
Core 84. The organic facies reflects this change in the
Biorbifera johnewingii Zone. Core 82 contains relative-
ly little organic residue but a well-preserved xenomorph-
ic facies containing numerous Classopollis and forami-
niferal linings. However, in Cores 83 through 86, there
is very little residue of poorly preserved xenomorphic
debris containing only few dinoflagellates. In Cores 85
and 86, B. johnewingii, P. neocomica, Prolixosphaeri-
dium granulosum (Sarjeant), Tanyosphaeridium salpinx
Norvick, Cometodinium whitei (Deflandre and Courte-
ville), and A. metaelliptica are the only stratigraphically
persistent species. This facies change affects the down-
ward range of at least several dinoflagellate species.

Samples 534A-87-6, 7-8 cm through 534A-90-2, 0-1
cm are characterized by the same organic facies, litho-
facies, lack of pollen grains, and paucity of dinoflagel-
lates. This situation extends to the bottom of the Blake-
Bahama Formation in Core 92. The highest sample con-
tains P. neocomica below the lowest occurrence of B.
Johnewingii, indicative of an earliest late Berriasian or
early Berriasian deposition. Few other species are pres-
ent, but P. granulosum, T. salpinx, and C. whitei are
persistent. The Cretaceous/Jurassic boundary is placed
between Core 91, Section 2 and Core 91, Section 3, based
on the lowest occurrence of P. granulosum and T. sal-
pinx in Sample 534A-91-2, 57-58 cm. These species first
appear in the early Berriasian in European stratotype
material. Polygonifera evittii Habib has its highest oc-
currence in Sample 534A-90-2, 0-1 cm.

Nannofossils

A section of 390 m of limestones and alternating
marls in Cores 47 through 91 contains common and gen-
erally well preserved nannofossil assemblages. On the
basis of calcareous nannofossil evidence, neither the up-
per nor the lower boundary of the Blake-Bahama For-
mation coincides with a biostratigraphic boundary. Age
assignments based on nannofossils and tentative corre-
lations with European stages are shown in Table 8. Cores
47 through 59 contain assemblages typical of the upper
part of Zone NC5 (Barremian), with Watznaueria ob-
longa and Nannoconus colomii. Cores 52 through 58
yielded similar nannofossil assemblages that also includ-
ed Calcicalathina oblongata; thus these cores are as-
signed to the lower part of Zone NC5 (lower Barremi-
an-upper Hauterivian), that is, Subzone N. bucheri.

Cores 59 (lower part) through 67 (upper part) belong
to Zone NC4 (upper Hauterivian-upper Valanginian),
as indicated by the presence of C. cuvillieri, Spectonia
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colligata, and Nannoconus colomii. Cores 67 (lower part)
through 79, Section 4 are assigned to Zone NC3 (up-
per-lower Valanginian), on the basis of the presence of
Tubodiscus verenae. Cores 79 (lowermost part) through
86 contain assemblages that are assigned to Zone NC2
(upper Valanginian-upper Berriasian), because of the
presence of Retecapsa neocomiana, R. angustiforata,
and Nannoconus colomii.

Cores 85 through 91 yielded assemblages that include
large specimens of Nannoconus colomii, thus these as-
semblages belong to Zone NC1 (Berriasian). Small speci-
mens of Nannoconus cf. colomii and Nannoconus dolo-
miticus occur in the Upper Jurassic. Therefore the first
occurrence of the genus Nannoconus cannot be used to
define the Cretaceous/Jurassic boundary.

Calpionellids

In the Blake-Bahama Formation sequence, shipboard
(by M. Moullade) and shore-based (by J. Remane) ob-
servations have shown common and moderately well
preserved calpionellids in Cores 89, 90, and 91 (thin sec-
tions of Samples 534A-89-3, 64-66 cm, 534A-90-1, 70-
72 cm, 534A-90-4, 138-140 cm, and 534A-91-3, 82-84
cm). Abundant Calpionella alpina, the predominant
species, is accompanied by very rare Crassicollaria par-
vula and Tintinnopsella carpathica. Using the Remane
zonation (1978), we assigned these cores an age very
close to the Tithonian/Berriasian boundary (B Zone,
middle part), which agrees well with the dinoflagellate
and coccolith age assignments.

Macrofossils

Dr. T. A. Jeletzky (Ottawa, Canada) submitted the
following opinion on a pelecypod fragment in Sample
534A-83-1, 24-25 cm: “‘A flattened fragment of a finely
and bluntly ribbed pelecypod, which cannot be identi-
fied even to the suborder.”

Cat Gap Formation and Unnamed Unit

The interval from Core 92, Section 2 to Core 111,
Section 1 is characterized by limestones and claystones.
Calcareous nannofossils and dinoflagellate cysts are dis-
tributed throughout the interval (Table 9). The nanno-
fossils are rare to abundant and moderately to poorly
preserved. Many of the marker species present in the
boreal realm are absent, which results in a reduced bio-
stratigraphic resolution. Dinoflagellates are not as
abundant as they are in the higher formations and are
not as well preserved. Pollen grains and a few spores are
most abundant in the lowermost lithostratigraphic unit,
but elsewhere are generally absent. Cores 92 and 93
yielded identifiable calpionellids; their presence in Cores
94 to 96 is doubtful. The boundary between calpionellid
Zones A and B is in Core 92. On this basis, the age of
the lower part of Core 92 is late Tithonian. Several in-
tervals also contain age-diagnostic foraminifers. Calci-
sphaerids occur in Cores 99 and 114. Pyritized radiolar-
ians are present in the cores. Ammonite aptychi occur in
Tithonian Core 95, in the remains of pelagic mollusks
(““filaments”’) in Cores 127 and 128, and in sediments
intercalated in basalt (Table 10).
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Table 9. Preliminary biostratigraphy of the Cat Gap Formation, Hole 534A,

NI Calpi

Cores Foraminifers Ni fossil Dinoflag llids Age
92 Calpionefla B/Zone A latest Tithonian
93 2 .. | LAD: 8. jurassica | Zone A late Tithonian
94 S P, .‘:Iev.‘kmanm:

95 3 Subzone Tithonian
96 2
97 =
98 E | H. cuvillieri
99 E. aff. uhligi and o Subzone
L. quenstedri Kimmeridgian or Tithonian
100
101
102
103
104 FAD: C. whitei
105 V. stradneri
106 Zone FAD: 8. jurassica
107
108 Oxfordian or Kimmeridgian
109
1O “G." helvetojurassica LAD: G. jurassica
111

Note: FAD = first appearance datum; LAD

= last appearance datum; braces in Age column indicate uncertainty in age assignment.

Table 10. Preliminary biostratigraphy of unnamed unit.

Cores Foraminifers Nannofossils Dinoflagellates
1k . V. stradneri
112 L. quenstedti, F. aff. parallela Zone FAD: G. nuciformis
113
114 L. quenstedti early Oxfordian
115
116 L. quenstedti 2 C. margereli
117 3 Subzone | LAD: C. pachydermum
118 i
119 -‘E } late Callovian or Oxfordian
120 g LAD: L. jurassica
121 % LAD: H. pectinigera and } late Callovian or
122 FAD: P. evirtii early Oxfordian
123
124 LAD: C. norrisii
125 S. hexum middle Callovian or Callovian
126 Subzone |
127 | FAD: C. norrisii

Note: See Table 9 for explanation of symbol and abbreviations.

Foraminifers

Cores 92 to 110, between 1340 and 1498 m sub-bot-
tom depth, recovered 69 m of the 160-m thick Cat Gap
Formation. Samples processed for foraminifers yielded
a moderately well-preserved and generally low-diversity
assemblage. The red brown, gray black, and green shales
appear to have a low carbonate content and may have
lost much of an indigenous fauna. The intercalated gray
micritic to coarse bioclastic limestones could not be pro-
cessed, but thin sections show a lack of calcareous shelly
microfauna, except for the bioclastic one to be discussed.

Core-catcher Samples 534A-92,CC and 534A-94,CC
were virtually barren. Core 99, Section 3 to 99,CC con-
tain Lenticulina quenstedti, L. major, Epistomina uhi-
igi, E. uhligi-parastelligera, Neobulimina sp. (probably
a new species), Frondicularia nikitini, Ophthalmidium
carinatum, Guttulina pygmaea, Turrispirillina amoena,
Bigenerina jurassica, and a number of other agglu-
tinating taxa. Similar assemblages were reported by Lu-
terbacher (1972) at Site 100 in ?0xfordian to ?Kimmer-
idgian beds and by Gradstein (1978a) at nearby Site 391,
Cores 50 to 52, assigned to the early Tithonian to Oxfor-
dian. On the Grand Banks of Newfoundland, E. uhligi
extends into upper Tithonian strata, and L. quenstedti
ranges into Kimmeridgian (sensu gallico) beds (Grad-
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stein, 1978b). These findings agree with those in Core
B1 and in Core 99, Section 1, in Hole 534A, where E.
uhligi without L. quenstedti was noted. The lower part
of Core 99 is therefore assigned to the Kimmeridgian. A
similar assemblage, including L. quenstedti, was found
in Sample 534A-103-1, 86-87 cm.

Samples 534A-103,CC, 534A-104,CC, 534A-107,CC,
and 534A-109,CC provided impoverished and diagnos-
tically dissimilar benthic assemblages, including agglu-
tinated forms (Bigenerina, Ammodiscus, Glomospira,
Reophax, Rhizammina, Bathysiphon, etc.) and nodo-
sariids (smooth Lenticulina, Pseudonodosaria, Lingu-
lina, etc).

Core 110 recovery was very poor (only 30 cm in the
core catcher), however, relatively diversified assem-
blages were recovered from the upper 20 cm. Planktonic
foraminifers are present in the 44 to 65 pum size fraction
of this sample (at 10-11 cm); these foraminifers are as-
sociated with slightly larger calcareous benthic and ag-
glutinating taxa. The benthics are almost all smooth
forms of Lenticulina, Lingulina, Vaginulina, Dentalina,
Lagena, Nodosaria, ?Epistomina, and Trocholina no-
dulosa, Conorbina sp., ?Conorboides paraspis, Spiril-
lina, Glomospira, ?Pelosina, Sorosphaera, Ammodiscus,
and Bathysiphon. The planktonics are of the type of
“‘Globigerina’’ helvetojurassica Hauesler or *‘G.”” ox-



JSordiana Grigelis. These forms, like almost all of the Ju-
rassic planktonic form species, are stratigraphically and
taxonomically poorly documented. The morphotypes
are known to occur in Oxfordian strata of western Eu-
rope. Reddish colored limestones (Sample 434A-110,CC
is a reddish calcareous claystone) with ‘‘globigerinids”’
frequently occur in the western Mediterranean and are
generally Oxfordian (Colom and Rangheard, 1965). Such
an age is tentatively assigned to Sample 534A-110,CC.

The foraminiferal fauna from the Cat Gap Forma-
tion at Hole 534A is predominantly composed of deep
water benthics, that is, simple agglutinated benthics and
nodosariids, but in Cores 99, 106, 107, and 110, trans-
ported shallow-water to upper-bathyal organisms are
also present: epistominids, Trocholina, Discorbis, and
Baccinella irregularis (calcareous algae in Sample 534A-
106-1, 133-135 cm). In Cores 106 and 107, this presum-
ably largely neritic microfauna is represented in a few
thin levels of coarser oolitic limestone. It is worth men-
tioning that ostracodes occur in some amounts in the
same layers as the transported shallow-water organisms.

Below Core 110 down to Core 116, benthic forami-
niferal assemblages can be very common and diversified
(i.e., Samples 534A-112,CC, and 534A-113-1, 24-26
cm), rare and poorly diversified (Sample 534A-114-1,
105-107 cm), or absent (Sample 534A-112-1, 62-64 cm;
534A-114-1, 10-11 cm).

The benthic foraminifers generally display a very
small size (<150 pm and frequently <100 um). Such
size can be related to unfavorable habitat (for instance,
a water depth too great for species that in general may
have their optimal environment in the upper bathyal
zone); or their even dimension is simply the effect of a
size sorting due to redepositional processes. The second
hypothesis, which would also explain the absence of
these benthic foraminifers in the more fine-grained lay-
ers, would agree with the type of sediments we are deal-
ing with.

The largest benthic assemblages consist of a number
of nodosariids such as Astacolus aff. major, Frondicu-
laria aff. subparallela, Ramulina sp., Lenticulina quen-
stedti, and agglutinated forms such as Haplophragm-
ium cf. aequale, Ammobaculites suprajurassicus, Rhiz-
ammina, and so on. The specimens of Frondicularia
aff. subparallela are reminiscent of Frondicularia niki-
fini but lack the striations. This assemblage is not strict-
ly age-diagnostic but contains several species that are
generally more abundant in Callovian-Oxfordian strata.
L. guenstedti accompanied by a few other forms (such
as L. gibba, Ramulina sp., Dentalina sp., polymorphin-
ids, and “‘primitive’’ agglutinated forms) in Samples
534A-113-1, 59-61 cm, 534A-114,CC, and 534A-116,
CC represents an impoverished assemblage character-
izing the intermediate layers within a single graded se-
quence,

Similar depositional patterns control the abundance
of benthic foraminifers in the lower Subunits 7b and 7¢
(Core 117-Sample 534A-127,CC). Relatively larger-
sized specimens occur, associated with abundant radio-
larians in the radiolarian claystones, much coarser than
the coarsest layers from the overlying subunit. The ben-
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thic faunas from this lowest interval are similar to those
of the upper units, however, representatives of Den-
talina, Trochammina, and Haplophragmoides are more
frequent in contrast to Lenticulina, Rhizammina, and
so on, which dominated in the units above.

Several specimens of Tolypammina, a sessile fora-
minifer, are recorded from Sample 534A-127,CC. In
absence of evidence for transportation, the hard sub-
stratum on which they grow may be provided for by
shells of pelagic pelecypods, which occur abundantly in
the same layer.

In Sample 534A-125,CC, small agglutinated fora-
minifers served as nuclei to phosphatic concretions.

Calpionellids

Cores 92 and 93 contain common moderately pre-
served calpionellids. In Cores 94 to 96, calpionellids are
very rare and badly preserved; their identification or even
their presence is not always certain. In samples from
Core 92 (534A-92-1, 80-82 cm; 534A-92-2, 70-72 cm;
534A-924, 91-93 cm), Calpionella alpina is largely pre-
dominant, which indicates Zone B, close to the Tithoni-
an/Berriasian boundary. In Sample 534A-92-5, 50-52
cm, the genus Crassicollaria becomes more abundant;
consequently this association belongs to Zone A, which
is definitely upper Tithonian. Crassicollaria spp. were
also observed in Sample 534A-93-4, 44-45 cm.

Calcareous Nannofossils

Abundant to rare and moderately to poorly preserved
nannofossils were recovered from this section of shales
and limestones.

None of the existing nannofossil zonations can be
used in this hole. Many of the marker species used in the
boreal Jurassic are absent or exceedingly rare. Thus a
new zonation is proposed in a later chapter of this book
(Roth); it is based on forms recognizable in the light and
electron microscopes.

The interval from Cores 92 to 96, Section 3 contains
abundant Conusphaera mexicana, small specimens of
Nannoconus (N. cf. colomii and N. dolomiticus) and
Polycostella beckmannii but lacks Stephanolithion bi-
gotii. This interval is assigned to the Polycostella beck-
mannii Subzone of the Conusphaera mexicana Zone.

The stratigraphically highest occurrence of fragment-
ed Stephanolithion bigotii occurs in Core 97, Section 1.
This occurrence defines the top of the Hexapodorhab-
dus cuvillieri Subzone of the Conusphaera mexicana
Zone, which has its base in Core 101, Section 5. The as-
semblage includes Conusphaera mexicana and Stepha-
nolithion bigotii but lacks Polycostella beckmannii and
Nannoconus spp. The relationship of the nannofossil
zones and the classical Jurassic stages is somewhat prob-
lematic. The extinction of the Stephanolithion bigotii is
used to place the Kimmeridgian/Tithonian boundary.
This means that Conusphaera mexicana ranges into the
uppermost Kimmeridgian.

Cores 102 through 113, Section 1, at 47 cm contain
Vagalapilla stradneri and Stephanolithion bigotii and
are assigned to the Vagalapilla stradneri Zone. Parhab-
dolithus embergeri makes its first occurrence in the up-
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permost part of this interval; due to the gradual size in-
crease and transition of this form from its ancestor, P.
embergeri is not used here as a zonal marker. The Kim-
meridgian/Oxfordian boundary falls within the Vagala-
pilla stradneri Zone and is tentatively placed at the base
of Core 104, because of a change of specimen abun-
dances. The base of this zone appears to coincide with
the boundary of the middle and lower Oxfordian.

Core 113, Section 1, at 60 cm through Core 123, Sec-
tion 2 belong to the Stephanolithion bigotii Zone-Cy-
clagellosphaera margereli Subzone. These cores contain
common Stephanolithion bigotii but lack Vagalapilla
stradneri and Stephanolithion hexum. A rare occur-
rence of Axopodorhabdus rahla in Core 118 is used as
an indication of the Oxfordian/Callovian boundary in
the vicinity of this core, The base of the Stephanolithion
bigotii Zone-Cyclagellosphaera margereli Subzone (i.e.,
just above the last occurrence of S. hexum) coincides
with the junction between the upper and middle Callovi-
an. The joint occurrence of Stephanolithion bigotii and
S. hexum in the intervals from the lower part of Core
123 to Core 126 is characteristic of the Stephanolithion
bigotii Zone-S. hexum Subzone, which is middle Callo-
vian. Shipboard paleontologists reported S. bigotii in
Core 127, but this was not confirmed during shore-lab
studies.

Palynology

The upper boundary of the Cat Gap Formation oc-
curs in Core 92, Section 2 and is characterized by a lith-
ologic change to bioturbated grayish red calcareous
claystones. The uppermost Tithonian is located in the
Blake-Bahama Formation in Samples 534A-91-3, 40-41
cm through 534A-92-2, 9-10 cm. It consists of the same
poorly preserved organic facies characteristic of the
lower Berriasian. Few fossils were recovered, including
those in Cometodinium whitei and Polygonifera evittii.
C. whitei ranges down to Sample 534A-104-2, 59-61 cm,
which indicates an age no older than Tithonian for this
sample. This species has its lowest occurrence in the
Tithonian of France. On the basis of this evidence, the
grayish red claystones in Hole 534A to the base of Core
103 are entirely Tithonian.

Sample 534A-93-2, 99-101 cm contains a rich organic
residue of well-preserved and diversified dinoflagellates
and extremely few pollen grains (bisaccates, Classopol-
lis, Exesipollenites) in a matrix of abundant and well-
preserved fine-grained xenomorphic-micrinitic debris.
Species occurring in this sample that do not range into
the Cretaceous include Senoniasphaera jurassica (Git-
mez and Sarjeant), Gonyaulacysta ambiguua (Deflan-
dre), G. nuciformis (Delflandre), Chytroeisphaeridia
chytroeides (Sarjeant), and Sentusidinium verrucosum
(Sarjeant). This sample also contains the uppermost oc-
currence of Sirmiodinium grossii Alberti sensu Warren,
1973. The North Atlantic specimens possess a pentago-
nal outline and a pericyst with an antapical perforation.
They closely resemble S. jurassica, from which they can
be distinguished by their perforate cysts. S. grossii is
known to range from the Upper Jurassic through the
Neocomian, but appears to be restricted to the Kim-
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meridgian-Tithonian in the North Atlantic. Warren
(1973, fig. 7) showed that the pentagonal forms are con-
centrated in the Upper Jurassic of California. Samples
534A-94-4, 68-70 cm through 534A-103-1, 95-96 cm
contain a large number of Upper Jurassic species. Pol-
len grains are virtually absent in residues consisting of
poorly preserved xenomorphic-micrinitic debris. A num-
ber of black clay samples from Cores 99, 100, and 101
yielded only poorly preserved dinoflagellates in an
abundant residue composed almost completely of small
carbonized (micrinitic) particles and large carbonized
tracheids. The color of these samples is attributed to the
black color of the carbonized residue, which is consid-
ered to have formed in an oxidizing environment. The
red clay residues of Samples 534A-99-3, 79-80 cm,
534A-100-2, 127-128 cm, and 534A-101-3, 67-68 cm
consist of carbonized tissue quite similar to that in the
red clay residues of Core 41.

Cores 104 to 111 consist of dark greenish claystones
interbedded with light gray limestones. Samples 534A-
104-2, 59-61 c¢m through 534A-106-1, 3-4 cm are com-
posed of fossiliferous dinoflagellates and a few pollen
grains in a rich xenomorphic-micrinitic residue. The
lowest sample contains the lowest occurrence of the pen-
tagonal forms of S. grossii, indicating an age not older
than Kimmeridgian. Samples 534A-107-2, 98-100 cm
and 534A-108-1, 23-25 cm are devoid of palynomorphs
in a small residue made up entirely of small carbonized
debris (micrinitic facies). Samples 534A-109,CC through
534A-111-1, 27-29 cm yielded rich residues of poorly
preserved xenomorphic debris. Dinoflagellate fossils are
relatively few but consist of a number of species. Sam-
ple 534A-110,CC contains the highest occurrence of Go-
nyaulacysta jurassica (Deflandre), which suggests depo-
sition in the Kimmeridgian. The highest occurrence of
this species is in Core 8 at Site 100.

Cores 111 to 127 consist of variations of dark vari-
egated claystones, greenish gray claystones and lime-
stones, and, near the base of the sedimentary section,
greenish black laminated radiolarian claystones. Sample
534A-112-1, 69-71 cm has the lowest occurrence of G.
nuciformis, which indicates an age close to the Kim-
meridgian/Oxfordian boundary. Samples 534A-113-1,
0-2 cm through 534A-116-1, 76-68 cm possess poorly
preserved dinoflagellates with an Oxfordian aspect, in-
cluding species with fenestrate cingular septa in the
genus Wanaeaq and in Systematophora complicata Neal
and Sarjeant, G. jurassica, and G. ambiguua. Beginning
with Core 117 and downward toward the bottom of the
section, there is an increasing diversification of spher-
oidal dinoflagellates with epicystal archeopyles refer-
able to Ctenidodinium Deflandre sensu Lentin and Wil-
liams (1973). Samples from Cores 117 and 118 contain
the thicker-walled species Ctenididinium pachydermum
(Deflandre) and the lowest occurrence of Oxfordian
Scriniodinium dictyotum. Sample 534A-119-1, 120-121
cm yielded few fossils, including S. complicata, in a
residue of fine carbonized debris. Sample 534A-120-1,
43-45 cm contains the highest occurrence of Lithodinia
Jjurassica Eisenack, of the early Oxfordian. This sample
also contains the first downhole occurrence of Stepha-



nelytron scarburghense Sarjeant and spinate species in
the plexus Ctenidodinium combazii Dupin/C. orna-
tum (Eisenack). Samples 534A-121-1, 8-10 cm through
534A-123-1, 92-94 cm contain L. jurassica, C. comba-
zii/C. ornatum, aff. Acanthaulax cladophora (Deflan-
dre), Stephanelytron redcliffense Sarjeant, S. scarbur-
ghense, and Hpystrichogonyaulax pectinigera (Gocht),
which indicate deposition in the early Oxfordian. The
lowest occurrence of P. evittii in the uppermost sample
of this interval indicates an age not older than earliest
Oxfordian.

Sample 534A-124-1, 54-56 cm through the strati-
graphically lowest sample studied, 534A-127-2, 33-35
cm, contain dinoflagellates assigned to Ctenidodinium
norrisii (Pocock) and Wanaea indotata Drugg, which in-
dicate the Callovian. Species of Stephanelytron extend
down through Core 127, indicating that this strati-
graphic level is not older than middle Callovian,

Throughout the section ranging from the lower upper
Berriasian through the lower Oxfordian, palynological
study of the investigated samples indicates that much of
the recognizable organic matter is of marine origin, with
only short intervals of concentrated carbonized tracheal
tissue. In the stratigraphic interval represented by Cores
121 through 127, however, the sediments contain rich
organic residues of abundant and well-preserved xeno-
morphic debris (of fecal pellet origin) and foraminiferal
linings, and also numerous Classopollis, diversified large
fern spores including at least four species of Cicatri-
cosisporites, Ephedripites (including Steevesipollenites),
both well-preserved and carbonized large tracheids, and
cuticular tissue—all of which indicate an episode of a
large influx of terrigenous organic matter in the middle
Callovian to early Oxfordian. The occurrence of Cica-
tricosisporites in sediments as old as Callovian is unusu-
al, but is entirely consistent with large contributions of
organic materials derived from the continents.

Radiolarians

Radiolarians are common to abundant throughout
the lower part of the Blake-Bahama Formation, the Cat
Gap Formation, and the unnamed Lithologic Unit 7.
The tests are predominantly replaced by calcite or in cer-
tain levels by pyrite (Cores 75-83 and Cores 120-126).
Radiolarians preserved as silica are very rare.

The abundant pyritized radiolarians of Cores 120 to
126 represent very well-preserved assemblages assign-
able to the lowermost Zone A (Unitary Association
I—or U.A. 1) of Baumgartner et al. (1980). In the
Tethyan realm these associations are dated as ranging
from middle/late Callovian to early Oxfordian.

The base of Eucyrtidium ptyctum s. str. in Sample
534A-122-1, 43-45 cm and the final appearance of an
undescribed early form of Mirifusus sp. in Sample 534A-
123-1, 29-31 cm make it possible to separate a new
Unitary Association “O”’ from U.A. 1 of Baumgartner
et al. (1980). Both U.A. ““O’’ and U.A. 1 have been
recognized in the lower part of the basal, ribbon-bed-
ded, green radiolarites of the Lombardy Basin of north-
ern Italy and allow a precise biostratigraphic correlation
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to be drawn between Tethyan and Atlantic radiolarian-
rich formations (see Baumgartner, this volume).

Macrofossils

Dr. G. E. G. Westermann (Hamilton, Canada) stud-
ied a number of minute ammonite shells in Core 100 and
provided the following written opinion: ‘‘2 to 12 mm di-
ameter, juvenile Ammonoidea, crushed and with most
of the shells dissolved, except for a thin iridescent (na-
creous, aragonitic) film. Probably originally without or-
nament; the present fine crinkles of the peri-umbilical
area are due to plastic deformation after partial decal-
cification. No septal sutures were preserved and no
stratigraphic conclusion is feasible.”

Dr. J. A. Jeletzky (Ottawa, Canada) provided the
following written opinion on shell fragments in Sample
534A-101-1, 33-34 cm: “‘Fragment of an ?ostreid pele-
cypod, strongly resembling Pycnodonite Fischer de Walt-
heim (1835) but not definitively identifiable. Pycnodon-
te suggests an Early Cretaceous age.”’

Sediments between Basalt Flows

In Core 128, calcareous claystone occurs in Section 1,
75-82 cm, and in Section 3, 107-109 cm. The latter sam-
ple contains common to abundant fragments of mollus-
can shells that are very similar to the so-called “‘fila-
ments.”’ Rare, small, silicified benthic foraminifers also
occur: they can be attributed to the genera Glomospira,
Dentalina, Pseudonodosaria, and possibly Turrispiril-
lina. Radiolarians are rare, and fish debris appear to be
absent. Calcareous nannoplankton could not be isolated
because of the heavy recrystallization. The microfacies
with abundant pelagic molluscan shells recalls the facies
from Posidonia Beds, a formation widespread in the
Tethys realm from the Bajocian to the Callovian.

SEDIMENTATION RATES

Bermuda Rise, Plantagenet, and Hatteras Formations

Biostratigraphic resolution in these formations is not
adequate to calculate firm sediment accumulation rates,
especially for the upper part of this interval. We assume
the presence of a hiatus between the base of the lower
Miocene and upper Eocene. Sediment accumulation rates
of about 2.5 m/m.y. for the Bermuda Rise and Plantag-
enet intervals are only a crude approximation. Numer-
ous hiatuses could be present in this poorly dated inter-
val. A hiatus embracing most of the Upper Cretaceous
(Campanian through Turonian) is postulated between
the Plantagenet and Hatteras Formations. Biostrati-
graphic control is relatively detailed in the Hatteras For-
mation. The overall net rate is about 10 m/m.y., with a
condensed sequence or possibly hiatuses in the early Ap-
tian through the early Albian (Figs. 13 and 41).

Blake-Bahama Formation

Good stratigraphic control provided by a continuous
nannoplankton zonation and some foraminiferal and cal-
pionellid age determinations indicate relatively constant
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Figure 41. Sedimentation rates for Hole 534A. (Dashed line indicates apparent continuous sedimentation.)

sedimentation rates of 21 m/m.y. for the Blake-Bahama
Formation.

Cat Gap Formation and Lithologic Unit 7

Although biostratigraphic resolution is not very good
for the Jurassic part of this hole, we were able to calcu-
late an average sediment accumulation rate of about 17
m/m.y.
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ORGANIC GEOCHEMISTRY

Shipboard Rock Eval Analyses

Previous studies of the carbonaceous black shales of
the Hatteras Formation collected at Site 391 demon-
strated that the kerogen in the samples analyzed was
thermally immature and contained significant amounts
of terrestrially derived organic matter (Cardoso et al.,



1978; Deroo et al., 1978; Dow, 1978). Investigation of
lipids extracted from three Site 391 samples also indi-
cated the terrestrial nature of the organic matter (Car-
doso et al., 1978). Forty-six samples collected from the
Cretaceous black shales and overlying and underlying
units of Hole 534A were examined to determine the ori-
gin and maturity of their kerogen. The results of these
determinations were similar to the results obtained for
the material collected 22 km away at Site 391,

The kerogen in the samples was analyzed using the
Girdel Rock Eval and CHN Analyzer. The Rock Eval
utilizes a standard pyrolysis method employed in
source-rock characterization and evaluation. The in-
strument consists of a pyrolysis unit linked to dual de-
tectors—flame ionization (FID) for hydrocarbons and
thermal conductivity (TC) for CO,. Samples were
ground to a coarse consistency, placed in sintered steel
crucibles, and heated from 250°C to 550°C at 25°/min.
in an inert (He) atmosphere. The gas stream released
during the program was split; half was directed towards
the FID and half towards the TC. The CO, evolved dur-
ing the heating was collected from 250° to 390°C and
stored in a trap until the programming was finished. It
was then reheated and directed toward the TC. Samples
were held at the initial temperature (250°C) for 5 min,
while the indigenous hydrocarbons present in the rocks
were volatized and swept by the helium to the FID. The
total hydrocarbon yield during that time period corre-
sponded to the amount of free hydrocarbons (oil and
gas) contained in the sample. This is called the S; peak
and is expressed in mg hydrocarbons (HC)/gram of
rock.

The programming of the unit from 250° to 550°C re-
sults in the cracking of the kerogen contained in the
sample. The corresponding peak is called S, and is also
measured in mg HC/gram rock. As the kerogen in a sam-
ple increases in maturity, the S, peak will increase and
the kerogen (S, peak) will decrease. The temperature at
which the S, peak is evolved is monitored during the
analysis and is related to the maturity of the kerogen.
Immature material will crack between 400 and 435°C,
whereas kerogen from a mature zone will crack between
435° and 460°C. The quantity of CO, evolved between
250° and 390°C is the S; peak. A cut-off of 390° was
chosen for the collection of CO,, because siderite de-
composes at 400°C and calcite and dolimite decay be-
tween 500° and 600°C.

Plots of the hydrogen index (mg hydrocarbon found
in S, peak/gram organic carbon) and the oxygen index
(mg CO; found in S, peak/gram organic carbon) have
been used to display the results of the Rock-Eval analy-
ses for Hole 534A (Fig. 42). Generally, the hydrogen in-
dex is low, which indicates that the samples are too im-
mature or too depleted in hydrogen to be considered
petroleum sources. Their immature character is also in-
dicated by the relatively low temperatures (400-425°C)
at which the kerogen cracked (Fig. 43). This plot of the
oxygen index versus depth shows that there is a sharp re-
duction in oxygen content below 765 m. This oxygen re-
duction below 765 m corresponds to the lithologic tran-
sition from calcareous chalks and varicolored claystones
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Figure 42. Hydrogen index versus oxygen index, Site 534. (See text for
explanation of points a and b.)

above 765 m to the underlying carbonaceous claystones
(black shales) of the Hatteras Formation. Within the .
Hatteras Formation (764-950 m), the oxygen indexes re-
main fairly constant, with ratios ranging from 50 to 100
mg COZ/ng?, which implies a steady input from ter-
restrial organic sources. The hydrogen indexes do not
follow lithologic boundaries as closely as do the oxygen
indexes (Fig. 43). A probable input from marine organic
sources is indicated by the higher values downhole. The
percent of organic carbon also increases at this litho-
logic transition from a low of 0.03% in the overlying
varicolored claystones, to 0.65% at the top of the carbo-
naceous claystones, to a maximum of 4.62% near the
top of the Blake-Bahama Formation. (Figs. 43 and 13).
Organic carbon decreases and the oxygen index in-
creases near the Hatteras/Blake-Bahama formations
boundary. Most of the values for organic carbon within
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Figure 43. Hydrogen, oxygen, temperature, and organic carbon indexes for Hole 534A.

the black shales exceed the lower limit of organic carbon
(0.4%) thought to be needed for petroleum generation.

Different types of kerogen can be displayed on a Van
Krevelen diagram (Fig. 44) where atomic H/C is plotted
versus atomic O/C. Type I kerogen is rich in hydrogen
and contains predominantly lipids such as fatty acids,
alcohols, and waxes. It closely resembles the constit-
uents of petroleum and is considered as good source-
rock material. Type II kerogen is derived from marine
algal material. Type III, rich in oxygen, is composed of
derivatives of cellulose such as carbohydrates and lignin
and is not a likely petroleum precursor. It is probable
that gas or coal would be produced from the maturation
of Type III materials. As the kerogen of any one type is
subjected to time and temperature, it initially becomes
depleted with respect to oxygen, and later the H/C ratio
decreases also. Figure 44 shows three types of kerogen
and their evolution from immaturity to maturity. It can
be seen from Figure 42 that the predominant type of
kerogen present in the samples from Hole 534A is ter-
restrial in origin (Type III) and therefore a potential gas
source. However, two samples containing Type II kero-
gen (a and b, Fig. 42) may be regarded as potential
pet-oleum sources.
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Four samples in Cores 124, 125, and 126 of Litholog-
ic Subunits 7c¢ and 7d were analyzed on the Rock Eval,
and eight for organic carbon. The results are summa-
rized in Table 11.

Two samples proved low in organic carbon (Sample
Nos. 4 and 8 were only 0.34 and 0.16%, respectively).
Three others were found to be above average, ranging
from 1.1 to 2.4%. The worldwide average for shales is
about 1.0% for organic carbon.

The hydrogen index is low for all of the samples, but
very low for two of them—Samples 4 and 8. This infor-
mation, coupled with the relatively high values of the
oxygen index, suggests that the organic matter in Sam-
ples 4 and 8 is essentially vitrinitic in nature, or a kero-
gen Type III, using Tissot’s terminology, and so has a
terrestrial source. The other samples, 6 and 7, although
showing a higher hydrogen index, also must be judged
to contain primarily terrestrial plant debris, probably a
mixture of Types II and III (typified by exinite for Type
II and vitrinite for Type III, using Tissot’s terminol-
ogy).

All of the samples appear to be immature, none hav-
ing reached a maturation stage of significant hydrocar-
bon generation.
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INORGANIC GEOCHEMISTRY

Observed values for interstitial water pH, alkalinity,
salinity, chlorinity, magnesium, and calcium are record-
ed in Table 12 and are plotted versus sub-bottom depth
in Figures 45 and 46. The analytical procedures used are
explained in the Explanatory Notes to this volume.
Twenty-two interstitial water samples were squeezed
from 15-cm-long full-core sections taken from 550 to
1100 m sub-bottom. Gradual induration of the sedi-
ments precluded pH and alkalinity measurements below
1000 m, and analyses for salinity, chlorinity, calcium,

SITE 534

and magnesium were terminated at 1100 m when squeez-
es from deeper samples failed to recover any water.

A brief comparison of the interstitial water data from
Site 534 with that from Site 391 (Leg 44) 22 km away
shows that depth profiles of all the components measured
(with the exception of pH) almost overlap below 500 m.
This observation suggests rather uniform sedimentology
throughout the central Blake-Bahama Basin. The more
detailed observations of the present site indicate, how-
ever, that chloride and salinity in the Cretaceous Plan-
tagenet and Hatteras formations vary more widely than
previously thought. The variations, 1.5% in chloride and
3% in salinity, are approximately an order of magnitude
larger than analytical error. Because the black shales,
especially, are fissile and hygroscopic, variation due to
contamination by surface seawater during the coring op-
eration cannot be ruled out. Soft, highly deformed core
samples from 815 and 872 m yielded unusually large
quantities of water after squeezing less than one hour at
15,000 psi, which suggests possible contamination. Data
points for these samples are enclosed in parentheses in
Figures 45, 46, and 47.) Generally, however, surface sea-
water contamination should produce sharp negative de-
flections in the calcium profile corresponding to sharp
positive deflections in the magnesium profile; such be-
havior is not observed. The chloride and salinity varia-
tions therefore appear to be real. Although no attempt is
made to explain these observations at the present time, it
is worth noting that a possible correlation may exist be-
tween chlorinity and salinity variations and clay porosity.
Figure 47 shows clay porosity and chlorinity plotted
against depth in the Plantagenet and Hatteras forma-
tions. Within the precision of the data, between 700 and
900 m, low chlorinities appear to correspond to minima
in clay porosity, and, conversely, high chlorinities appear
to correspond to maxima in clay porosity. Superimposed
on these small-scale variations are a gradual decrease in
porosity and a gradual increase in chlorinity with depth.

Except for minor variations in the Plantagenet and
Hatteras Formations, magnesium remains almost con-
stant at about 35 mmol/l throughout the interval cored.
Apparently, diagenesis in the clay units and the carbon-
ate units penetrated has not resulted in net uptake of
magnesium. Calcium, on the other hand, shows a large
increase with depth and behaves as if it were completely
independent of magnesium. The relatively smooth pro-
file suggests a net diffusion of calcium upward in the
statigraphic column. Reaction with bicarbonate ion to
produce calcium carbonate and carbon dioxide between

Table 11. Organic geochemistry summary, Hole 534A.

Sub-bottom Org.
Sample depth Sample carbon  Hydrogen index Oxygen index S2
no. (m) (interval in cm) (%)  (mg HC/g Corg) (mg CO2/g Corg)  (°C) Lithology
1 1590.0 122-1, 13-15 0.38 = — —  Marly limestone
2 1595.5 123-2, 78-80 0.47 — — —  Marly claystone
3 1595.5 123-2, 98-100 1.30 — - — Dark claystone
4 1603.5 124-1, 55-58 0.34 32 166 435  Marly limestone
5 1607.0 125-3, 98-101 1.80 - _ —  Olive green black claystone
6 1608.5 125-4, 69-71 2.40 52 46 426  Olive green black claystone
T 1623.0 126-2, 28-31 1.10 54 88 418  Calcareous claystone
8 1626.0 126-4, 19-21 0.16 23 260 415  Calcareous claystone
Note: — indicates no measurement made.
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Table 12. Summary of shipboard geochemical data, Hole 534A.

Sub-bottom
Sample Sample depth Alkalinity Salinity Calcium  Magnesium  Chlorinity
no. (interval in cm) (m) pH (meqg/T) (%) (mmol/1) (mmol/1} (%a)
1APSO - — 1.67 237 35.50 10.55 53.99 19.38
SSW — — 8.17 237 36.77 10.59 55.47 20.00
a8 3.2, 135-145 558.2B-558.35 7.15 8.81 34.27 15.28 34.63 20.07
39 7-2, 140-150 596.40-596.50 7.02 8.11 34.87 17.56 34.26 20.11
40 10-3, 105-120 616.55-616.70 7.0l 8.91 34.49 18.96 32.63 20.31
4] 14-2, 135-150 653,35-653.50 7.08 7.35 34.38 20.66 iz 20.04
42 17-5, 135-150 685.85-686.00 — — - - _— —_
43 20-2, 135-150 708.35-708.50 7.27 31.94 34.43 25.46 34.45 20.20
44 24-2, 135-150 T44,35-744.50 1.47 3.25 33.55 28.32 34.04 19.42
45 27-1, 135-150 765.85-766.00 8.23 2.10 32.62 26.79 31.38 18.83
46 29-2, 135-150 786.35-786.50 8.24 2.60 3531 29.08 35.20 20.19
47 32-1, 132-150 814.82-815.00 7.6l 2.29 36.30 31.23 38.60 20.53
48 34-1, 105-120 833.55-833.70 8.10 2.30 33.80 31.55 3322 19.62
49 36-2, 135-150 852.85-853.00 8.05 2.19 35.83 33.49 4.4 20.91
50 384, 135-150 871.85-872.00  8.09 LM 36.71 34.08 38.08 20.57
51 41-4, 135-150 B98.85-899.00 8.42 1.25 34.21 34.90 35.03 19.67
52 43-1, 135-150 916.85-917.00 7.70 0.94 37.02 36.57 36.56 21.29
53 45-2, 135-150 934,85-935.00 7.47 0.77 37.02 36.74 36.21 21.49
54 47-3, 134-150 954,34-954.50 _ — — - — =
55 49-2, 140-150  966.40-966.50 — - 37.51 39.52 37.06 21.69
56 52-1, 0-15 990.50-990.65 7.43 0.33 37.46 43.59 36.54 21.56
57 56-1, 140-150 1027.90-1028.00 — — 37.51 47.57 36.96 21.61
58 58-2, 135-150 1047.35-1047.50 — - 38.45 56.33 36.50 21.87
59 61-2, 127-142 1074.27-1074.42 - —_ 39.22 63.10 35.28 2237
60 63-2, 105-120  1092.05-1092.20 — — 39.33 63.81 35.96 22.37
61 644, 135-150 1104.35-1104.50 — - 38.72 64.42 35.13 21.86
62 68-3, 135-150  1134.35-1134.50 — — - - — =i
63 71-3, 135-150 1161.35-1161.50 — — — — — —_—
Note: — = insufficient water for analysis.
pH Alkalinity (meq/l) Salinity (%o) Chlorinity {/oo)
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Figure 45. Alkalinity, salinity, and cholorinity, Site 534. (See text for an explanation of data points enclosed
in parentheses; also for Figs. 46 and 47).
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Figure 46. Ca** and Mg™* * concentrations, Site 534.

600 and 750 m sub-bottom depth would explain the
sharp drop in alkalinity and relatively low pH observed
for this region.

Between 750 and 900 m sub-bottom, pH values of 8
to 8.5 are observed. These high values reflect the pres-
ence of clay-rich sediments of the Bermuda Rise, Plan-
tagenet, and Hatteras formations and contrast sharply
with the pHs of 7 to 7.5 for the carbonate sediments
above and below. It is not certain whether the observed
pH difference reflects in situ conditions or a squeezing
effect.

PHYSICAL PROPERTIES

The physical property data from Site 534 are sum-
marized in Figure 48 and Tables 13 and 14. Additional
data are included in the site summary diagram (Fig. 13)
and in Shipley (this volume).

Great Abaco Member

The chalks, mudstones, and limestones of the Great
Abaco Member were little disturbed by drilling and pro-
vide reliable physical-property data. The cored portion
of the Great Abaco Member contains about 65% chalk,
25% mudstone, and 10% limestone. The average sound

velocity, bulk density, and porosity of each of these
lithologies is given in Shipley (this volume).

Chalk thermal conductivities were measured in dupli-
cate at two depths, 599.3 and 653.9 m. The values, 1.74
and 1.66 mcal/cm-°C-s, appear reasonable. No thermal
conductivity values were reported at Site 391.

Porosity rebound for chalks at this depth of burial is
about 5% and for mudstone about 8% (Hamilton, 1976).
The porosity rebound effect results in measured labora-
tory velocities being about 0.1 km/s lower than in situ
values for the chalk porosity rebound and about 0.02
km/s for mudstone porosity rebound (Boyce, 1976).

Bermuda Rise Formation

Only three mudstone samples were available for
physical property measurements from the Bermuda Rise
Formation, because of the very low recovery and drill-
ing disturbance.

Plantagenet Formation

Four samples of mudstone and one of chert were ex-
amined from the thin Plantagenet Formation. There is
no obvious significant variation in velocities, densities,
or porosities between the Plantagenet Formation clay-
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Figure 47. Clay porosity and chlorinity, Site 534.

stones and those of the overlying Bermuda Rise or the
underlying Hatteras Formations.

Hatteras Formation

The claystones of the Hatteras Formation were only
slightly disturbed in the coring process and generally
yielded good physical property data. The claystones are
water absorbing, and care was exercised to trim con-
taminated material before velocity and gravimetric mea-
surements were undertaken. The fissile nature of the
black shales made velocity measurements parallel to
bedding difficult. Gravimetric determinations are prob-
ably only accurate to 1 or 2% because of water absorp-
tion. No analytical problems were encountered with the
chalks or limestones.

At this depth of burial, porosity rebound for the clay-
stones is estimated at 8% or 9% (Hamilton, 1976). The
effect on the in situ vertical velocity for the claystones is
about 0.25 km/s. There was insufficient coring at Site
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391 to make an adequate comparison of physical prop-
erties to Site 534,

Blake-Bahama Formation

The heterogeneous lithologic components and grada-
tional changes of the claystones, chalks, and limestones
produce a wide range of physical properties within the
Blake-Bahama Formation. The rocks are well-indurat-
ed, and thus there is little core disturbance that could af-
fect the laboratory measurements. The abundance esti-
mates of the lithologic components within this forma-
tion are only accurate to about 10% because of the gra-
dational changes between lithologies.

Thermal conductivity was measured in a claystone,
chalk, and limestone; results were 2.1, 2.8, and 2.7
mcal/cm-°C-s, respectively. The range of values may
reflect, in part, the variations in porosity.

The affect of porosity rebound cannot be determined
from data of Hamilton (1976) for depths greater than
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Figure 48. Laboratory physical properties data, Hole 534A.
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Table 13. Physical property data, Site 534.

Velocity
(km/s)
Sample Depthin  Paralll  Normal Thermal GRAPE wet- Sesinetiie (ndl)
{core-section, cm from hole to to conductivity bulk demiilyIl Bulk density Water content  Porosity
top of section) (m) bedding  bedding (mcal/cm-°C-s) (g/cm?) (g/cm?) (%) (%) Lithology
Hole 534
1-1, 121 1.50
Hole 534A
2-1,95 546.8 1.84 1.68 1.57 1.59 37.9 60.3 Mudstone
3-1, 148 556.9 2.12 1.99 2.03 2.00 20.3 40.4 Chalk
3-2, 119 558.1 1.92 1.65 1.65 1.61 36.8 59.3 Mudstone
4-1, 148 566.5 3.02 2.86 2.25 2.28 10.9 249 Chalk
43, 112 569.1 1.91 1.71 1.62 1.67 33.9 56.6 Mudstone
5-1, 63 575.1 1.98 2.16 2.13 2.10 16.9 354 Chalk
5-2, 68 576.7 1.93 1.69 1.74 1.71 324 55.3 Mudstone
6-3, 20 587.2 2.17 2.09 2.02 2.04 18.2 37.1 Chalk
6-4, 95 589.5 1.96 1.93 2.00 1.95 217 42.3 Friable chalk
7-2, 129 596.3 1.95 1.72 1.69 1.70 37 54.0 Mudstone
T-4, 130 599.3 1.92 1.87 2.01 2.03 19.4 39.3 Chalk
7-4, 131 599.3 1.74 Chalk
7-4, 131 599.3 1.73 Chalk
81,7 603.1 4.08 3.91 2.41 2.46 5.6 13.8 Limestone
10-2, 52 614.5 1.92 1.71 1.75 1.72 31.8 54.6 Mudstone
10-3, 3 615.5 2.26 2.30 2.06 2.04 18.4 37.5 Chalk
104, 19 617.2 4.50 4.08 2.45 2.49 4.6 11.4 Limestone
11-1, 64 622.6 2.21 1.95 1.99 2.00 19.9 39.7 Chalk
11-1, 121 623.2 2.03 1.75 1.76 1.73 31.0 53.7 Mudstone
12-2, 146 634.5 2.01 1.78 1.72 1.72 313 54.0 Mudstone
12-3, 137 635.9 1.64 Chalk
12-3, 137 635.9 1.67 Chalk
124, 27 636.3 232 2.18 2.05 2.05 17.4 36.7 Chalk
13-3, 59 644.6 2,14 212 1.93 1.95 21.2 41.3 Chalk
13-4, 81 646.3 4.25 4.18 2.46 2.50 4.7 11.8 Limestone
14-1, 81 651.3 2.00 1.77 1.547 1.71 322 55.2 Mudstone
14-4, 127 656.3 4.24 1.76 2.42 2.44 6.0 14,6 Limestone
15-1, 18 660.2 2.32 2.16 2.17 2.16 14.8 32.0 Chalk
16-2, 79 671.8 2.33 222 2.17 2.16 14.4 il Chalk
17-1, 80 679.3 2.76 2,59 2.27 2.29 10.5 24.0 Chalk
17-6, 118 687.2 493 4.98 2.59 2.56 33 8.5 Limestone
18-1, 141 688.9 2.53 2.36 2,22 2.27 11.4 25.8 Chalk
19-1, 141 697.9 2.00 1.95 1.95 1.96 20.4 39.9 Claystone
20-1, 5 705.6 3.06 2.68 2.09 2.10 12.6 26.6 Claystone
20-2, 50 707.5 2.26 1.98 1.74 1.71 30.5 523 Red claystone
231, 3 732.5 4.87 2.48 12.0 Chert
24-1, 14 741.6 1.87 1.76 2.08 2.03 21.0 42.6 Green claystone
24-2, 13 743.1 1.70 2.03 221 44.8 Red claystone
25-1, 35 750.8 1.74 1.83 2.10 2.05 211 43.4 Red claystone
26,CC (6) 760.5 1.76 2.0 21.1 42.8 Green claystone
27-1, 39 764.9 1.97 1.77 1.78 2.02 21.7 439 Black claystone
28-1, 28 743.1 1.84 1.73 2.m 1.94 24.5 47.4 Black claystone
29-2, 64 785.6 1.71 1.92 1.93 25.2 48.6 Elack claystone
30-1, 55 793.6 1.80 1.84 1.85 28.9 53.5 Black claystone
31,CC (18) 803.8 1.70 1.86 27.8 51.9 Black claystone
32-1, 29 812.3 1.83 1.72 2.01 1.97 23.1 45.6 Green claystone
33-1, 33 821.5 1.99 1.83 2.05 2.03 21.9 443 Green claystone
33-1, 74 822.2 1.74 1.88 25.9 48.7 Black claystone
34-1, 50 831.5 1.96 1.76 2.02 2.00 20.9 42.0 Black claystone
34-2, 832.8 2.03 1.96 2.18 15.4 33.6 Green claystone
35-1, 35 840.8 1.73 1.97 23.1 45.3 Black claystone
35-2, 132 8433 1.76 2.06 21.0 43.2 Green claystone
36-1,7 850.1 1.77 2.08 2.06 20.8 42.8 Green claystone
36-1, 46 850.5 1.68 2.04 2.07 20.7 42.9 Black claystone
36-1, 121 851.2 2.02 1.97 2.46 243 13.5 32.8 Green siltstone
371, 5 859.5 1.84 2,12 19.1 40.3 Green claystone
37-3, 57 863.1 5.19 5.02 2.87 2.9 1.6 4.7 Limestone
38-1, 101 870.0 2,12 1.85 2.08 2,08 19.7 40.7 Black claystone
38-2, 86 871.4 1.76 2.07 20.0 414 Green claystone
39-2, 115 880.6 1.70 1.82 27.0 49.2 Black claystone
41-1, 63 896.6 1.85 2.02 2.07 20.5 42.4 Brown claystone
41-1, 85 896.8 2.24 1.86 2.07 20.8 43.0 Brown claystone
41-3, 49 899.5 1.97 1.92 2.09 2.07 19.9 41.2 Green claystone
42-1,70 905.7 2.18 1.95 2.09 2.07 19.7 40.8 Green claystone
43-1, 8 914.1 1.74 1.92 22.9 4.1 Black claystone
44-1, 64 923.6 1.88 1.76 2.00 20.0 40.0 Black claystone
444, 9 927.6 3.17 252 2.43 7.0 17.0 Chalk
45-1, 19 932.2 1.80 2.03 20.8 42.4 Black claystone
45-4, 106 937.6 2.88 2.49 2.20 2.19 14.1 30.8 Chalk
46-1, 35 941.4 2.75 2.29 2.24 2.19 14.1 30.8 Chalk
47-1, 17 950.2 2.01 1.83 2.03 19.4 194 Gray claystone
47-1,75 950.8 2.82 2.58 2.38 8.6 20.4 Chalk
47-2, 127 952.8 3.86 3.76 2.44 1.0 17.0 Limestone
48-1, 124 960.2 2.05 2.21 2.12 15.8 336 Chalk
48-3, 138 963.4 21 237 2.20 2.21 13.4 29.6 Chalk
49-1, 42 963.9 3.18 2.70 2.32 2.32 10.2 23.6 Chalk
49-3, 113 967.6 1.83 2.10 18.1 37.9 Black claystone
50-1, 42 972.9 1.82 2.06 20.1 41.5 Black claystone




Table 13. (Continued).

SITE 534

Velocity
(km/s)
Sample Depthin  Parallel  Normal Thermal GRAPE wet- Gravimetric (wet)
(core-section, cm from hole to to conductivity bulk deniily“ Bulk derisil)r Water content  Porosity
top of section) (m) bedding  bedding (mcal/cm-°C-s) (g/cm~) (g/cm) (%) (%) Lithology
Hole 534A

50-3, 47 976.0 3.54 3.02 2.33 2.33 9.5 222 Chalk
50-4, 103 978.0 5.49 2.73 2.65 1.3 33 Limestone
51-1, 67 982.2 3.83 3.74 1.807 2.51 352 13.1 Limestone
51-1, 127 982.8 1.95 2.11 17.4 36.7 Black claystone
52-2, 21 992.2 4,52 4.43 2.58 2.57 34 8.7 Limestone
52-4, 104 996.0 2.74 233 2.11 2.20 13.7 30.0 Chalk
53-1, 116 1000.7 4.22 4.08 2.62 2.57 3.6 9.2 Limestone
534,24 1004.2 1.90 2.13 16.9 359 Green claystone
54-1, 135 1009.8 4.08 2.55 4.0 10.3 Limestone
55-1, 66 1018.2 31 2.47 2.45 6.6 16.3 Limestone
55-2, 145 1020.4 1.78 2.08 19.7 41.1 Claystone
55-3,2 1020.5 4.06 3.70 2.54 4.5 11.3 Limestone
55-3, 53 1021.0 3.19 2.78 2.34 9.5 223 Chalk
56-1, 54 1027.0 2.59 2.40 8.5 20.3 Chalk
56-2, 84 1028.8 1.78 2.03 21.0 42.7 Claystone
56,CC (10) 1030.6 4.85 2.66 1.9 4.9 Limestone
58-1, 93 1045.4 2.28 2.01 2.05 2.16 16.3 35.2 Claystone
58-2, 38 1046.4 2.67 2.51 2,18 2.32 9.9 23.0 Calcarenite
58-4, 95 1050.0 3.2 2.46 6.7 16.5 Limestone
59-2, 87 1055.9 2.06 2.19 14.2 31.5 Chalk
59-3, 100 1057.5 16 Black claystone
59-3, 100 1057.5 .12 Black claystone
60-1, 110 1063.6 4,15 2.70 2.59 35 9.0 Limestone
60-2, 46 1064.5 2.30 2,07 2.4 2.25 13.2 29.7 Laminated chalk
61-1, 134 1072.8 2.3 1.97 2.15 16.7 35.7 Black claystone
63-2, 95 1092.0 3.1 2.44 6.7 16.3 Laminated limestone
64-2, 90 1100.9 3.64 2,47 6.2 15.2 Laminated limestone
65-1, 139 1108.9 1.94 2.17 16.0 34.7 Black claystone
65-3, 92 1111.4 4.10 3.31 247 6.3 15.5 Laminated limestone
66-1, 114 1117.6 2.21 1.91 2.16 16.9 36.3 Black claystone
66-3, 98 1120.5 4.04 3.74 2.49 2.53 54 13.7 Limestone
66-4, 28 1121.3 2.78 2.47 2.41 8.3 20,0 Laminated limestone
67-1, 25 1125.8 3.18 2.43 2.48 6.9 17.1 Limestone
67-2, 53 1127.5 3.20 2.43 2.42 8.0 19.3 Laminated limestone
67-3, 113 1129.6 2.40 2.04 2,17 2.17 16.6 36.0 Black claystone
68-1, 131 1131.3 1.99 2.20 14.5 31.8 Laminated chalk
68-2, 56 1132.1 .23 2.2 12.8 28.7 Laminated chalk
68-3, 87 1133.9 2.86 2.38 9.2 22.0 Laminated chalk
69-1, 35 1139.4 4.18 2.54 5.1 12.9 Limestone
69-3, 32 1142.3 3.40 2.67 2.30 1.1 25.5 Laminated chalk
69-5, 23 1145.2 2.38 2.04 2.21 14.9 33.0 Black claystone
70-1, 60 1145.8 3.29 2.68 2.24 2.28 10.8 24.5 Laminated chalk
70-2, 75 1150.2 3.82 2.52 2.45 6.5 16.0 Limestone
71-2, 10 1158.6 3.87 2.50 54 13.4 Limestone
714, 11 1161.6 3.07 2.33 9.8 22.8 Laminated chalk
71-5, 87 1163.9 2.27 2.00 2.20 14.6 32.2 Black claystone
72-1, 43 1166.4 3.35 2,70 2.39 2.31 10.2 23.6 Laminated chalk
72-4, 82 1171.3 4.08 3.05 2.48 2.45 6.3 15.5 Limestone
73-1, 87 1173.9 2.44 2.06 2.19 14.6 32.1 Black claystone
73-1, 112 1176.1 2.76 Chalk
73-1, 112 1176.1 2.76 Chalk
73-3, 96 1179.0 4.17 3.59 2.47 2.48 5.8 14.4 Limestone
73,CC (19) 1182.0 3.39 2.87 2.42 2.25 12.0 27.1 Laminated chalk
74-2, 80 1186.3 3.26 2.70 2.46 2.36 9.2 21.6 Laminated chalk
74-4, 20 1188.7 4.51 4.38 2.59 2.54 4.3 10.9 Limestone
75-1, 58 1193.6 3.61 2.87 2.37 2.34 9.3 21.7 Laminated chalk
75-3, 30 1196.3 3.36 3.26 2.40 2.43 7.2 17.4 Limestone
76-1, 77 1202.8 3.31 2.72 2.35 2.34 9.4 21.9 Laminated chalk
76-3, 50 1205.5 3.47 3.20 2.49 2.44 6.9 16.8 Limestone
76-4, 85 1207.4 231 1.96 2,28 2.11 18.1 38.2 Black claystone
77-1, 127 1212.3 3.56 3.08 2.38 8.5 20.2 Laminated chalk
78-4, 30 1220.3 3.04 2.60 2.28 11.1 25.3 Laminated chalk
79-4, 22 1229.2 3.20 2.80 231 10.3 23.8 Laminated chalk
80-1, 10 1233.6 3.67 2.47 6.2 15.3 Limestone
80-3, 56 1237.0 3.00 2.52 2.89 2.32 10.0 23.2 Laminated chalk
81-2, 46 1244.5 3.56 3.34 2.37 2.41 1.9 19.2 Limestone
81-4, 37 1247.4 2.67 2.31 10.5 24.3 Laminated chalk
82-2, 25 1253.2 3.54 3.29 2.38 2.58 1.6 19.6 White limestone
83-1, 117 1261.7 3.52 3.22 2.33 2.34 9.1 21.4 White limestone
83-2, 52 1262.5 3.24 2.75 2.28 2.30 10.0 23.1 Laminated chalk
83-3, 145 1265.0 2.64 Limestone
83-3, 145 1265.0 2.76 Limestone
83-4, 114 1266.1 339 3.14 2.42 2.43 6.9 16.9 Green limestone
83-5, 85 1267.4 2.713 2.65 2.36 2.38 9.2 20 Red claystone
84-1, 91 1268.3 3.01 2.70 2.39 2.38 9.0 21.5 Green limestone
84-4, 59 1273.1 2.94 2.54 2.30 2.31 10.5 24.2 Laminated chalk
85-1, 26 1277.3 .7 2.80 2.31 2.32 9.9 22.9 Laminated chalk
85-3,75 1280.8 3.68 3.43 2.38 2.41 7.4 17.9 Gray limestone
86-1, 24 1286.2 4.01 3.77 2.43 2.47 5.8 14.3 Gray limestone
86-3, 65 1289.6 3.29 3.50 2.49 2.45 6.3 15.4 Gray limestone
87-1, 31 1295.3 3.94 3.68 2.43 2.49 5.7 14.2 Gray limestone
874, 19 1299.7 427 4.07 2.51 5.1 12.8 Gray limestone
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Table 13. (Continued).

Velocity
(km/s)
Sample Depthin  Parallel  Normal Thermal GRAPE wet- Gravimistoac: (wet)
(core-section, cm from hole to to conductivity bulk 1:|e:|l.§’irya Bulk derisily Water content  Porosity
top of section) (m) bedding  bedding (mcal/cm-°C-s) (g/cm~) (g/em”) (%) (%) Lithology
Hole 534A
88-1, 19 1304.2 3.59 3.34 2.40 2.41 7.7 18.5 Gray limestone
88-4, 21 1308.7 3.55 i 2.38 2.40 7.8 18.7 Gray limestone
89-1, 12 1313.1 3.20 3.02 2.34 2.33 9.7 227 White limestone
89-4, B4 1318.3 312 2.65 2.38 9.2 21.9 Green limestone
90-1, 40 1322.4 3.56 3.41 2.46 2,42 1.5 18.0 White limestone
904, 8 1326.6 2.76 2.80 2.31 2.31 10.6 24.5 White limestone
91-1, 29 1331.3 3.95 3.97 2.53 2.53 4.5 11.4 White limestone
914, 65 1336.2 3.50 2.48 2.49 5.6 13.9 White limestone
92-1, 13 1340.1 4.19 3.94 2.46 2.51 5.0 12.7 White limestone
92-2, 89 1342.4 4,06 3.82 2.52 2.50 4.5 11.4 White limestone
924, 2 1344.5 3.81 3.52 2.48 2,49 5.4 13.5 Red limestone
92-6, 17 1347.7 3.37 2.9 242 2.45 6.8 16.7 Red claystone
93-1, 117 1350.2 3.85 3.59 2.53 2.52 4.7 11.8 White limestone
93-3, 85 1352.8 4.56 4.66 2.64 2.60 2.8 7.4 White limestone
934, 6 1353.6 322 2.719 2.43 2.41 8.4 20.2 Red claystone
94-2, 13 1355.1 3.29 2.73 2.36 2.41 8.6 20.8 Red claystone
94-4, 65 1358.6 3.70 2.63 2.54 4.3 10.9 White limestone
95-2, 135 1365.4 222 2.27 13.1 29.6 Red claystone
95-3, 128 1364.3 2.41 Limestone
96-1, 66 1372.1 4.76 4,58 2.67 2.63 2.5 6.6 White limestone
96-2, 138 1374.4 2.61 2.21 2.22 344 Red claystone
97-1, 41 1380.9 3.96 3.81 2.55 4.2 10.8 Red limestone
99-1, 62 1396.1 2.74 2.40 2.26 2.29 11.9 27.3 Red claystone
100-1, %0 1401.9 3.29 2.88 2.46 7.5 18.4 Limestone
101-3, 47 1413.5 2.68 2.25 2.26 13.3 30.1 Red claystone
102-5, 47 1425.5 2.49 2.25 2.10 2,29 12.2 219 Red claystone
103-1, 82 1428.8 2.44 2.11 2.24 2.22 14.6 32.5 Red claystone
103-1, 138 1429.4 5.45 4.94 .74 2.68 1.2 3.l Gray limestone
104-1, 8 1437.1 5.25 5.00 2.70 2.67 1.5 4.0 Gray limestone
104-4, 1 1441.5 3.26 2.68 2.45 2.41 8.6 20.6 Red claystone
105-1, 20 1446.2 2.61 2.14 2.24 2.30 13.1 30.2 Black claystone
105-1, 107 1447.1 532 5.19 2.69 2.68 1.1 29 White limestone
105-1, 144 1447.4 2.82 Limestone
106-2, 68 1457.2 512 4.88 2.68 2.66 1.4 3.6 White limestone
107-1, 30 1464.3 4.20 4.13 2.63 2.58 2.8 7.3 Gray limestone
107-2, 92 1466.4 2.30 2.3 11.3 26.4 Green claystone
108-1, 60 1469.1 3.10 2.82 2.47 2.44 7.3 17.9 Red claystone
110,CC (12) 1486.6 2,88 2.41 2.43 9.1 22.0 Red claystone
111-1, 15 1495.6 2,73 2.66 2.37 10.3 24.5 Black claystone
112-1, 15 1504.6 3.34 2.94 2.63 2.28 12.0 27.4 Green claystone
112-1, 75 1505.2 4.16 4.05 2.64 2.61 2.7 6.9 Green limestone
113-1, 36 1513.9 371 3.47 2.74 2.56 4.0 10.3 Green claystone
114-1, 54 1523.0 2.94 2.45 2.36 10.6 24.9 Gray claystone
115-1, 94 15324 2.95 2.44 2.36 10.2 24.0 Brown claystone
117-1, 11 1549.6 2.88 2.39 2.33 2.37 10.6 25.0 Brown claystone
117-1, 44 1549.9 5.14 5.04 2.68 1.3 35 White limestone
118-1, 86 1559.4 4.40 4.31 2.79 2.59 2.6 6.8 Green limestone
119-1, 109 1568.6 2.95 2.53 2.31 10.9 253 Black claystone
120-1, 65 1572.6 2.54 2,30 2.24 2.23 13.3 29.6 Black claystone
121-1, 38 1581.4 4,03 3.76 2.60 2,56 32 8.3 White limestone
122-1, 32 1590.3 3.63 3.18 2.51 4.8 12.0 Limestone
122-1, 87 1590.9 2.87 2.37 230 11.8 27.0 Claystone
123-2, 63 1596.1 3.72 3.21 2.53 4.4 11.2 Claystone
1234, 4 1598.5 3.41 2,95 2.49 5.5 13.6 Claystone
124-1, 25 1603.8 3.76 3.42 2.54 4.1 10.5 Claystone
125-1, 11 1612.6 3.03 247 2.36 9.5 22.3 Claystone
125-3, 120 1616.7 3.58 327 2.54 4.6 11.8 Claystone
125-5, 68 1619.2 2.73 225 2.30 11.0 254 Claystone
126-2, 23 1623.2 2.62 2.35 2.28 11.2 25.4 Claystone
126-3, 82 1625.3 315 2.59 2.42 8.6 20.7 Claystone
127-1, 107 1631.6 2.88 2.36 2.39 9.6 230 Claystone
127-3, 108 1634.6 3.01 2.50 2.42 8.8 21.3 Claystone
128-1, 69 1640.2 5.20 5.14 27 4.4 11.9 Basalt
128-3, 56 1641.3 4.52 4.50 2.56 1.2 18.4 Basalt
128-4, 102 1645.0 5.16 5.41 2.79 3.2 8.8 Basalt
129-1, 123 1649.7 4.61 4.54 2.59 6.5 16.8 Basalt
129-4, 96 1654.0 6.19 5.87 2.82 27 1.6 Basalt
130-1, 31 1657.8 5.35 5.33 2.80 3.6 10.0 Basalt
130-3, 26 1662.3 5.52 5.46 2.82 o 8.5 Basalt
2 2.minute count.
1000 m. Further correction of laboratory data to in situ Cat Gap Formation
conditions is discussed by Shipley (this volume). De-
tailed correlation with Site 391 is not possible because Red to green to black claystones and limestones pro-
the two data sets differ in their classification of chalks duce a bimodal distribution of physical properties in the
and limestones. Cat Gap Formation. The claystones were again fresh-
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water absorbing and tended to break into small frag-
ments. Velocity was quickly measured after sampling
and the rocks were further trimmed for gravimetric de-
terminations. Poor recovery (<20%) reduces the relia-
bility of the abundance estimates in these intervals.

Thermal conductivities measured in one limestone at
1364 m give a value of 2.41 mcal/cm-°C-s.

Appropriate data were not available for this depth of
burial to estimate the porosity rebound effect. See Ship-
ley (this volume) for other methods used to estimate in
situ physical properties.

Unnamed Unit (1495.6 m-1635.3 m)

The section beneath the Cat Gap Formation consists
largely of claystones and some limestones. The very
poor recovery and fractured nature of the claystones
make estimates of abundance difficult. The physical
properties were measured on fragments that appeared
undisturbed except for fracturing. The rather high ve-
locities, 2.7 km/s, reflect the calcareous nature of many
of the claystones.

Basement

Samples of basaltic basement yielded high velocities
(5.2 km/s), which represents a large contrast to the
overlying claystone interval.

Table 14 is a summary of the physical properties on a
formation basis. In some cases the formation and ob-
vious physical property boundaries coincide, but more
often they do not. This is not surprising, because the
definition of formations is based on different criteria,

Table 14. Leg 76 physical properties summary, by formation,

b Wet-bulk céensity Porosity  Vertical velocity  Number of
Formation (g/em”) (%) (km/s) samples

Great Abaco Member

Mudstone (25) 1.7 £ 0.1 56 £ 2 1.7 £ 0.1 9
Chalk (65) 2.1 +0.1 I5+6 22+03 14
Limestone (10) 2.5 + 0.1 12 + 2 4.2 + 05 5
Weighted mean 2.0 k1] 23

Bermuda Rise
Mudstone (100) 1.9 £ 02 40 + 13 22+04 3

Plantagenet
Mudstone (755) 1.8 +£ 0.5 43 + 1 2.0 + 0.1 4
Chert (259 4.9 2.58 1
Weighted mean 2.6 21

Hatteras
Claystone (95) 20 £ 0.1 4 = 5 1.8 = 0.1 26
Chalk (5) 23 + 0.1 26 + 8 2.6 + 0.5 3
Limestone 29 5 5.0 1
Weighted mean 20 43 1.8

Blake-Bahama
Claystone (15) 22 +0.1 I5+6 2.0 £ 0.3 18
Chalk (45) 23 0.1 25 + 4 26 =03 30
Limestone (40) 25 +01 15+ 4 3.7 £ 0.6 45
Weighted mean 2.4 22 30

Cat Gap
Claystone (55) 24 + 0.1 25+ 6 2503 14
Limestone (45) 26 0.1 8+ 4 44 = 0.6 12
Weighted mean 2.5 17 34

Unnamed
Claystone (70) 24 £ 0.1 21 £ 6 2.7 £ 04 19
Limestone (30) 26 =01 T4 4.1 = 0.7 5
Weighted mean 25 17 3.1

Basement
Basalt 2.7 £ 041 12+4 521205 7

2 Density from 2-minute GRAPE; other density and porosity values by gravimetric
methods,
Estimates of lithologic abundance in percent shown in ( ).

€ Approximate estimate.

SITE 534

including first occurrences of color, diagnostic sediment
process or mineral composition, and so on, which may
not be reflected in the physical properites.

Although the formation physical properties, as de-
fined, do not necessarily have a relationship to the
acoustics, the ‘“mean’’ impedance plot in Figure 13
shows some general interval-dependent trends. For ex-
ample, the interval A to 3 corresponding approximately
to the Hatteras Formation black claystone contains few
impedance contrasts and few internal reflections, where-
as the alternating limestones, chalks, and claystones
of the Blake-Bahama Formation and deeper units pro-
duce numerous impedance contrasts that correlate in a
general way with the reflections in the intervals 8 to C
and C to D.

It is interesting to note that within the limits of the re-
covered cores at Site 534 the defined top and bottom of
the Blake-Bahama Formation do not correspond to ob-
vious breaks in the physical properties. The upper con-
tact is a transitional zone related to the decreasing car-
bonate component upsection. The top of the Cat Gap
Formation is defined as the first occurrence of red-
colored limestones. No significant break in the physical
property trend should be expected from a change in oxi-
dation state, nor is such a break detected at this bound-
ary in the recovered core. There is some evidence from
the marked drilling rate decrease in Core 92 that a hard
zone, not recovered, may exist at the Formation bound-
ary.

The relationship between the physical properties and
the major seismic reflections is not straightforward. The
major reflections are more likely caused by a complex
interference from impedance contrasts on the scale of
beds and from the integration of these effects over a
larger area than sampled in Hole 534A. Lack of re-
covery, such as the chert in the Bermuda Rise Forma-
tion, prevents accurate detection of obviously sigificant
events needed to understand fully the acoustics of the
section. The details of seismic to well-hole correlation
using the laboratory and logging physical property data
are discussed in Shipley (this volume).

PALEOMAGNETISM

The emphasis of the Hole 534A paleomagnetic sam-
pling was to identify and date the Early Cretaceous-
Late Jurassic magnetic polarity sequence (the ‘“M-se-
quence’’). Oriented minicores were drilled from every
core from Cores 47 through 130. Density of sampling
varied from one per section to every 50 cm. Hard lime-
stone layers were sampled preferentially to claystones;
however, in portions of the Upper Jurassic where clay-
stones are dominant, samples of these claystones were
obtained with plastic cubes. A total of 524 sediment and
51 basalt samples were taken.

Approximately 150 of the Lower Cretaceous and Up-
per Jurassic sediment minicores were run on the Digico
spinner on board the Glomar Challenger. Of these, only
29 had initial NRM (natural remanent magnetism) in-
tensities greater than 1 x 10-6 emu/cm3. (The Digico
had a fluctuating sensitivity for weak samples below
1 X 105 emu/cm?, and measured intensities could vary
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by an order of magnitude between measurements of the
same sample; therefore true intensities were estimated
by comparing to a 1.5 x 10-6 standard run sequential-
ly.) The sandy carbonates of the Hauterivian and red
marly limestones of the Upper Jurassic yielded the
strongest NRM intensities.

No demagnetization of samples was undertaken on
board the ship due to the very weak intensities of the
samples, unreliable results from the spinner at low in-
tensities, lack of magnetic shielding, and lack of thermal
demagnetization apparatus. The detailed analysis of the
samples was done using cryogenic magnetometers (in a
mu-metal room at Caltech, and in a steel room at the
University of Wyoming).

Analysis of a large suite of samples from Cores 87
through 96 (Berriasian-Tithonian) yielded a pattern of
normal and reversed polarity zones (Fig. 49). This ap-
parent polarity sequence was obtained when these white
to pink limestones and red marls were thermally de-
magnetized above 300°C. The carrier of these magnetic
directions in the pink and red-colored sediments is
hematite, because the intensities are constant under al-
ternating field demagnetization and the directions re-
main stable through 600°C. The pattern of polarity
zones is similar to M-16 through M-20 of the marine
magnetic anomaly sequence, and the biostratigraphic
ages correlate to the same magnetostratigraphic pattern
in limestones of northern Italy (Ogg, 1981).

The clay-rich sediments from Cores 97 and below
failed to yield a reliable polarity sequence during the
preliminary runs.

Basalt Magnetics

From the basalt cores (Cores 127-130) of Hole 534A,
51 samples were taken from 26 cooling units, interpret-
ed as pillows. The NRMs were run aboard ship; they are
tabulated in Table 15. Histograms of the inclinations
and intensities are shown in Figure 50.

All the samples had normal directions with a mean of
29.7° and a standard deviation of 9.9°, The predicted
mean magnetic field inclination of 28° for Hole 534A in
the Late Jurassic (estimated paleolatitude = 15°) is in
close agreement with this value. The few samples with
higher inclinations are from two flows (Cooling Units 4
and 22), which perhaps represent secular variation of
15° from the mean pole position or overprint of the
present-day field or both.

As a crude test of the stability of the NRM directions
against viscous acquisition, a subset of the samples was
exposed to the present magnetic field for 24 hr., then re-
measured. All remeasured directions were identical to
the initial measurements within the accuracy (+2.5°) of
the Glomar Challenger’s spinner magnetometer. Also,
multiple samples from the same block have identical
NRM directions, although the intensities decrease away
from the chill margin.

Some of the NRM directions may be an artifact of
the sampling procedure. A drilling-induced remanence
was observed by Ade-Hall and Johnson (1976) in Leg 34
and Leg 45 basalt cores. Bleil and Smith (1980) on Leg
51 show an example of a spurious magnetization direct-
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Table 15. Basalt NRMs of Hole 534A.

Sample
Cooling  (core-section, cm from lntfnsily

unit top of section) (x 10~ 3 emu/em®} Declination (%) Inclination (%)

1} 127,CC {16} 4.48 294 33.5

128-1, 13 7.08 18 21.7

1 128-1, 38 5.99 21 18.7

128-1, 41 5.66 24 19.5

128-1, 46 3.39 26 19.9

2 128-1, 97 5.01 193 28.0

3 12822, 11 kR 20 312

128-2, 82 5.85 203 41.7

4 128-2, 86 3.26 202 47.3

128-2, 138 5.99 210 48.9

128-3, B4 4.01 250 21.9

5 128-3, 87 3.75 262 9.0

1284, 8 9.06 5 258

6 1284, 11 6.84 17 7.2

128-4, 15 3.90 36 23.2

128-4, 107 5.72 209 333

128-4, 112 5.44 207 319

B 128-4, 45 5.01 216 23.2

9 128-4, 100 7.04 294 21.2

10 129-1, 22 3.26 138 20.7

11 129-1, 102 302 213 34.1

12 129-2, 37 395 13 21.8

1292, 40 3.65 17 20.5

13 129-2, 50 4.16 86 23.6

129-2, 72 8.25 254 22.6

14 129-2, 75 7.73 251 22.8

1292, 115 3.09 315 28.4

15 129-3, %0 4.55 197 20.2

1294, 18 10.58 223 35.6

1294, 23 7.20 220 339

17 1294, 81 .68 204 325

1294, 83 1.81 207 329

1294, 86 3.05 209 42.8

18 1295, 15 4.84 151 325

19 130-1, 3 6.66 265 19.3

130-1, 5 4.07 265 19.5

2] 130-1, 106 5.53 125 338

130-2, 20 3.68 210 428

v 3 130-2, 53 .08 215 54.1

130-2, 56 2.40 230 59.8

23 130-2, 129 3.58 298 19.8

24 130-3, 18 4.46 20 36.0

130-3, 52 5.40 5 0.1

130-3, 55 3.84 6 374

130-3, 127 6.74 22 276

130-4, 38 6.86 141 213

25 1304, 78 3.90 123 6.6

26 130-5, 40 2.61 2 25.5

28 130-5, 119 6.90 115 19.0

29 130-6, 49 i 24 20.1

130-6, 54 3.52 24 17.8

ed along the axis of the minicores, apparently acquired
during the shipboard sampling process. It is disturbing
that for the Leg 76 basalt minicores, 55% of the NRM
declinations of individual blocks lie either between 5 to
25° or 195 to 225°, a nonrandom pattern. Whether this
is simply a change distribution of a discrete sample set
or an artifact of the sample drilling is unknown. The
agreement of minicore declinations to the declinations
measured on uncut full-round cores with the long core
spinner suggests the former.

The magnetic studies of Middle Cretaceous pillow ba-
salts recovered on Leg 51 (Bleil and Smith, 1980) show-
ed that these fine-grained basalts display very minor
directional changes upon alternating field demagnetiza-
tion, thus the NRMs were similar to the directions after
demagnetization. If this same behavior holds for the
Middle Jurassic pillow basalts recovered at this site,
then the NRM results imply a normal Jurassic polarity
for the upper 30 m of basalt flows. Because Site 534 was
drilled on the east edge of Reversed Magnetic Anomaly
M-28, then these upper flows may have been extruded
during the normal polarity following M-28. The source
of the magnetic anomaly may be in basement rocks
deeper than the drilling penetration.
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Figure 50. Basalt NRMs, Hole 534A. (Of 51 samples, mean inclina-
tion was 29.7°, ¢ = 9.9; mean intensity was 4.96 x 10~3 emu/cm?,
g=1.8.)

DOWNHOLE MEASUREMENTS
Gearhart-Owen Well Logs

Objectives

The objectives of the logging program at Site 534
were to obtain data for integration with other geological
and geophysical information already available. First, we
wished to gather representative in situ geophysical data,
such as gamma ray scattering (a measure of bulk elec-
tron density), sonic traveltime (a measure of bulk rock
velocity), temperature (already discussed above), and
natural gamma ray emission (a measure of rock lithol-
ogy). From these measurements the acoustic velocity,
acoustic impedance, density, and porosity can be cal-
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culated. Comparisons of these in sifu determinations
can be made with the laboratory measured values and
the calculated in situ corrections based on empirical
porosity rebound data. The log data provide in situ
measurements to verify the assumptions used in the re-
bound calculations and to extend the empirical measure-
ments to older and more deeply buried rocks that are for
the first time available for logging. These independent
logging results, especially of the sonic velocity and im-
pedance measurements, can then be correlated, via syn-
thetic seismograph modeling, with the remotely deter-
mined seismic reflection and refraction data.

Second, the density and porosity logs combined with
the natural gamma logs and sonic logs allow the identifi-
cation of the mineral grain density and, therefore, pro-
vide an identification of lithology in parts of the drilled
section where recovery was poor. Limestone versus
quartz sandstone can be distinguished by logs, for ex-
ample.

Finally, the natural gamma radiation is a measure of
the small particles of minerals containing uranium, po-
tassium, and thorium, all radioactive sources. Because
these minerals occur more commonly in shales, this
lithology should have a high count of emissions, versus
limestones and clean quartz sandstones, which have a
low count.

Methods

The following suite of Gearhart-Owen logging tools
were run in Hole 534A:

1) Sonic Log (Bore Hole Compensated System, 9.21
cm diameter, 30 cm receiver spacing), Caliper, and
Natural Gamma Ray Log (GR).

2) Density Log (Bore Hole Compensated Compton
Scattering Gamma Ray Detection Log [CDL], 6.98 cm
diameter), Caliper, Natural Gamma Ray Log (GR), and
Temperature Log (Thermocouple).

Because of the hole conditions observed during the
first logging attempts (i.e., the extensive bridging and
the extensive washouts, with diameters in excess of 40
in. in some shales), it was decided not to run the addi-
tional neutron and induction logs. The time was better
spent running multiple logging trips in different parts of
the hole between bridges using the two primary porosity
logging tools, sonic and density. These two tools tell
more about the physical properties of the rocks, where-
as the neutron and induction logs tell more about the
pore fluids. Because the pore fluids in the case of Hole
534A are all salt water, there was less need for the
neutron and induction logs.

Results of Gearhart-Owens Well Logs

Because the hole is divided by a series of bridges,
mainly at places where hard limestones form constric-
tions with soft crumbly shales above, the logs had to be
done in increments between the bridges. For this reason,
it is convenient to discuss the recovered logs in segments
in the order they were recorded. Moreover, the weather
conditions, which were severe on several of the log runs,
apparently created varying degrees of oscillations in the
logging wire and sonde, so each log has a more or less
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“‘noisy’’ character. This characteristic is especially true
for the washed out part of the section, where hole diam-
eters of 40 in. or more permitted swinging and possibly
some heave of the sonde. Thus detailed comparison of
one logging run to another shows discrepancies.

Temperature Measurements

Two forms of temperature measurements were re-
corded at Site 534: (1) the Gearhart-Owen (GO) thermal
log, and (2) the attached thermometer technique. The
GO thermal log was run on the first density logging
survey into Hole 534A after the hole was left undis-
turbed for two days. Temperatures increased regularly
below the mudline inside the drill pipe, and an abrupt
rise in temperature of 10° was recorded as the probe
entered the bare hole. Although the increase in tempera-
ture with depth was gradual as expected, there were sev-
eral spots down the hole where the temperature change
decreased or the temperature was constant for several
meters. No weight loss was indicated on the winch, as if
the tool might have been stuck on a ledge, so a real
change in gradient may have been detected. However,
disturbance by the pumped drilling water might have
followed the logging tool down the hole (Fig. 51).

Upon stopping at the bridge in the Cat Gap Forma-
tion at 1414 m sub-bottom depth, the temperature was
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Figure 51. Temperature measurements in Hole 534A. (For compari-
sion, the temperature measurements for Hole 533A are plotted.)



measured as approximately 38°C. This gradually cooled
to 37°C as drilling water reached the bottom of the hole
after 10 min. of equilibration. We assumed the higher
temperature to be more accurate, which yielded a tem-
perature gradient of approximately 2.5°C/100 m, as-
suming a linear gradient. This value is quite reasonable
and normal for this age crust. We note that this gradient
for Site 534 is somewhat less than the 3.6°C/100 m gra-
dient measured at Site 533, which probably indicates the
lack of equilibrium in Hole 534A. The thermal probe
technique used at Site 533, where the thermistor is al-
lowed to equilibrate in the soft mud, probably is a better
measurement of the in sifu temperature than the thermal
log measurement in the drilling water at Site 534.

The thermometers attached to the various logging
runs record the maximum temperature reached, pre-
sumably at the bottom of the logging run. These mea-
surements are listed in Table 16, with the calculated
thermal gradient.

The thermal gradients determined by attached ther-
mometer measurements 1 and 2 are higher than those
determined by the thermal log and more in agreement
with the thermistor probe technique used at Site 533. Al-
ternatively, these higher gradients for the upper part of
the hole might indicate a nonlinear gradient, as found at
Site 533, where a gradient of 4.9°C/100 m in the upper
part gives way to a 3.5°C/100 m gradient in the lower
part. Perhaps in Hole 534A there is a higher 3.3-4.5°C/
100 m gradient in the upper part of the hole, and a lower
gradient in the lower part to give a 2.5°C/100 m overall
gradient from 1414 m to the seafloor. This hypothesis is
supported by the deeper thermometer measurements 3,
4, and 5, which recorded 2.9, 2.3, and 2.3°C/100 m
thermal gradients, respectively, assuming a constant lin-
ear situation between the seafloor and the measurement
depth (Fig. 51).

First Density Log Run, 6385-5935 m

First, it must be pointed out that the depths used to
calibrate the log runs are originally the depths read off
the Schlumberger logging-winch meter wheel. These
Schlumberger depths were deeper by some 34 m relative
to drill pipe depths when calibrated against the location
of the end of the pipe noted on the temperature log and
the end of the casing noted on the density log. The lith-
ologic boundaries and seismic-stratigraphic and physical-
unit boundaries referred to in other parts of the site chap-
ter are based on cored interval summations in drill pipe
depth. The Schlumberger log depths have been convert-
ed as closely as possible to this same measurement sys-
tem. These Schlumberger winch depths converted to to-
tal depths are shown in Figures 52 to 55. Thus the com-

Table 16. Attached thermometer measurements.

Measurement Sub-bottom  Temperature Thermal gradient
number Date and time depth (m) (°C) (®C/100 m)
1 17 Dec. 1980, 1300 778 37 4.5
2 17 Dec. 1980, 2145 769 28 33
3 18 Dec. 1980, 0700 997 k]| 2.9
4 18 Dec. 1980, 2300 1411 4 23
5 19 Dec. 1980, 0330 1534 38 23

SITE 534

parison of drilled lithologic boundaries in drill pipe
depth to the log ‘‘kick’’ based on Schlumberger winch
depths converted to total depths has to be made with
these inaccuracies in mind.

The density log between 6385 and 5935 m records the
transition from the red shaly Subunit 6a of the Cat Gap
Formation to the hard, thick-bedded Berriasian lime-
stone of the base of the Blake-Bahama Formation. The
top of the Cat Gap Formation is correlated with seismic
Horizon C, and the top of the basal Blake-Bahama For-
mation limestone is correlated with reflector C’ (Fig.
52). Above reflector C’ are the interbedded shales and
limestones of the laminated Blake-Bahama Formation.

The gamma ray (GR) log shows a slight indication of
the increased clay content of the red shale of the Cat
Gap Formation below Horizon C, reading between 20
and 25 API units. A sharp drop in the GR reading to 5
to 10 API units above Horizon C indicates the presence
of the hard Berriasian limestone. However, there is less
of an effect in the GR log across reflector C’, and the
log gives little indication of this boundary.

The caliper log indicates a highly washed-out section
in the red shales below Horizon C and a constricted
borehole at the Berriasian limestone. Above reflector
C’, the interbedded shales and limestones of the Blake-
Bahama laminates are also washed out, but less than the
red shale of the Cat Gap Formation.

Where the caliper measurement of the borehole is
low, the density log (Fig. 52) shows a less noisy and
more reliable reading. The massive hard limestone be-
tween reflectors C and C’ stands out clearly. Above and
below this limestone, the density log is a crude saw-
toothed pattern, which may reflect real interbeds of thin
limestones and shale, or oscillations and swing of the
tool against the side of the enlarged borehole. From the
coring of the Blake-Bahama laminates, we know there
are real intercalations of limestone and shale present,
but this would be difficult to prove from the log alone.

Quantitatively, the log determination of the density
in the hard Berriasian limestone as 2.6 to 2.7 g/cm? is
close to the 2.5 g/cm? mean density determined in the
laboratory for the rocks from the interval. Where the
borehole is constricted, the log density data seem to be
accurate. Above reflector C’ the oscillatory log density
data do follow a trend around 2.3 g/cm3, which is the
laboratory-measured value of density for this interval,
so the log is reasonably representative here as well. Be-
low Horizon C, however, the log values for density
trend along values below 2.0 g/cm?, distinctly lower
than the 2.3 g/cm? laboratory determined values (Fig.
52). Here the hole size is so large that the log data are
deemed to be unreliable. Probably the tool is swinging
in the drilling water most of the time, and the sensor pad
only hits the side of the hole sporadically. This irregu-
larity was shown with the duplicate run of the log over
this interval, when none of the individual peaks of the
density log could be repeated.

Second Density Log Run, 5740-5500 m

The density log between 5740 and 5500 m records the
transition from the variegated shales of the Plantagenet
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Figure 52. First density log run, Hole 534A. (Also located are the ship-
board identification of depths to reflector C’ and Horizon C.
Comparisons of laboratory measures of in sifu densities and log
densities for the indicated interval are shown. g (LAB) = mean
density determined in the laboratory; g (LOG) = mean density de-
termined by logging. Scales refer to the following: GR = gamma
ray in API units; caliper is in inches; Ap is a dimensionless ratio
used as a correction factor in determining density (g) in g/cm?; ¢ is
porosity (in %) calculated from the CDL [compensated density
leg]. These explanations also apply to Figs. 53-55.)
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Formation through the 27-m-thick Bermuda Rise sili-
ceous claystones, to the massive turbiditic limestones
and debris flows of the basal part of the Great Abaco
Member. This transition involves the merged wavelets
of the reflection Horizons A° and AY, as discussed in the
section on seismic stratigraphy.

The caliper measurement indicates the hole is exten-
sively washed out in the Plantagenet variegated shales
below 5706 m. Hole diameter improves upward to rea-
sonable diameter at the base of the Great Abaco Mem-
ber at 5670 m and continues to hold up until above the
massive turbiditic limestones between 5670 and 5630 m.
Above these limestones, the hole is again enlarged where
the softer chalks of the Great Abaco Member occur.

The gamma ray log indicates a steady and low value
across the massive limestone beds from 5670 to 5625 m.
Above and below this interval the GR log is variable,
which may represent noise from oscillations in the over-
sized hole. The GR should be higher below 5670 m, and
it does rise somewhat at that depth, which is the transi-
tion from the Great Abaco Member chalks and lime-
stones to the Bermuda Rise Formation claystones. How-
ever, below 5706 m, the GR should rise again in the
Plantagenet claystones, but instead it drops. This drop
might be due to the extensive washout of the hole and
enlarged diameter (off the scale).

The density log is a very saw-toothed pattern reflect-
ing both real, thin-bed intercalation and probably a
swinging tool in an enlarged hole. The duplicate run of
this log did not show reproducibility of each peak and
trough. When the caliper is good in the basal limestones
of the Great Abaco Member, the density log is smoother
and may be more reliable. Here the measured density by
the log is 2.2 to 2.4 g/cm3, which is in the range of the
2.2 g/cm? average laboratory value for the same cored
interval (Fig. 53).

The reflection wavelet At = A¢, discussed in the next
section on seismic stratigraphy, corresponds to some
positive density log peaks in the Bermuda Rise Forma-
tion interval. These positive peaks are below negatives
at 5673 and 5680 m, which are the softer claystone of
the Bermuda Rise just beneath the hard linestone of the
base of the Great Abaco Member. The combination of
these positive and negative densities (therefore imped-
ance contrasts) convolved with the negative density con-
trast at 5706 m between the Bermuda Rise cherts and the
Plantagenet claystone below produces the wavelet called
AU = A°, The density log appears to show these thin
bedded negative and positive acoustic impedance con-
trasts at this critical transition zone.

Sonic Log Run, 5735-5500 m

The first sonic log run made in Hole 534A crossed the
Plantagenet and Bermuda Rise Formations and the ba-
sal part of the Great Abaco Member (Fig. 54). This run
was, therefore, a good measurement of the in situ sonic
velocity across the rocks producing the A° and AY merged
wavelet. The estimated depth of Horizon A" = A¢ based
on the coring data fits pretty well with the sonic log that
shows the higher velocity spikes of possible chert and
porcellanite layers in the Bermuda Rise Formation at
that point. Below, the soft shales of the Plantagenet
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Formation are so washed out that the hole diameter pre-
vents a reliable sonic transit time reading.

Quantitatively, the sonic log can be converted to in
situ compressional wave velocity (Fig. 54). The values
determined by the log in the part of the hole above the
base of the Great Abaco Member are reasonably close
to laboratory values. The velocity inversions at the Great
Abaco/Bermuda Rise and the Bermuda Rise/Plantage-
net contacts are indicated on the log, but the velocity
measured for the Plantagenet is not reliable.

Third Density Log Run, 6490-6420 m

Only a short run was possible at the bottom of the
hole because of bridging. The third density log crossed
the interbedded limestones and claystones of the base of
the Cat Gap Formation and the top of Lithologic Unit 7
(Fig. 55). The density and gamma ray and caliper logs
all indicate interbedding of hard limestones and soft
shales that were recovered in the poor coring of this in-
terval.

Quantitatively, the log densities include a lower range
of values, 2.0 to 2.7 g/cm3, compared to that measured
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Figure 55. Third density log run, Hole 534A. (Comparison of labora-
tory in situ density and log density is indicated.)

in the lab, 2.5 to 2.6 g/cm?, indicating that more soft
shale was washed out preferentially in the coring, and
probably more of the hard limestones and indurated
claystones were recovered. Therefore the laboratory av-
erages for the physical properties of this interval are bi-
ased on the high side.

This logged interval is between seismic reflectors D
and D', and therefore it is no surprise that no signifi-
cant or major density and acoustic impedance contrast
is indicated by the log.

SEISMIC STRATIGRAPHY

High quality 24-channel multichannel seismic reflec-
tion profiles were made by Bryan et al. (1980)_ across
Site 534 during Cruise 2102 of the Conrad (Fig. 56).
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Figure 56. Track chart of the multichannel seismic survey carried out at Site 391 and the area of Site 534
(lines MC-88 and -89) as well as other multichannel lines around which the survey was designed (after

Bryan et al., 1980).

Cross lines are MC-88 and MC-89, which were shot on
an approximately 8-km spacing. These lines were orient-
ed northeast-southwest (paralleling the magnetic anom-
alies) and northwest-southeast (perpendicular to the
magnetic anomalies). The magnetic anomalies in the
area of Site 534 reveal trends of linear, small-amplitude
anomalies (+ 20 nT to — 20 nT) superimposed by small-
er-amplitude (— 10 nT to — 15 nT) anomalies of a more
circular character (Fig. 57). The seismic mapping indi-
cates that the circular anomalies, such as that between
Sites 391 and 534, are caused by small-scale (200-300 m
deep) pockets or troughs in oceanic basement. Detailed
mapping in the Site 534 area suggests that the trough in
basement at this position has a slight northwest-south-
east trend (Fig. 58) and that it might correspond to a
fracture zone trough that has terminated the lobes in the
northeast trending magnetic anomalies without produc-
ing lateral offsets (Fig. 57). In this trough the deepest
and oldest Jurassic oceanic sediments are ponded below
the well-identified seismic Horizon D (Fig. 59). Because
the previously unsampled sediments below Horizon D
were the first-priority target for drilling at Site 534, the
site was located on the northeast rim of this basement
trough, where the reflector is so clearly developed yet
the basement is in reach of Glomar Challenger’s drill
string limit of 6800 m (Fig. 7).

Detailed calculations of two orthogonal sonobuoys at
the site were used to calculate the depths to the various
reflectors (Table 17) (Bryan et al., 1980). All the region-
ally mappable reflection horizons, M, X, AY, 5, C, D,
and oceanic basement, appeared to be within reach of
the drill.
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Based on previous correlations of the reflectors with
Site 391 (Fig. 7), the horizons were correlated with Site
391 lithologic units as follows (Benson et al., 1978;
Sheridan, Pastouret, et al, 1978; Bryan et al., 1980; Jan-
sa et al., 1979):

M = middle Miocene intraclastic chalk (top of
Subunit 2b of Great Abaco Member)

X = lower Miocene intraclast chalk mudstone (top
Subunit 2e of Great Abaco Member)

A" = unconformity between Miocene intraclastic

chalk (Great Abaco Member) and Cretaceous
variegated claystone (Plantagenet Formation)
= Barremian white limestones (top of Blake Ba-
hama Formation)
C = lower Tithonian red shaly limestone (top of
Cat Gap Formation)

Horizon D and basement were not penetrated at Site
391, and these were the prime objectives of Site 534.
Continuous coring in Hole 534A below 536 m has
provided new and surprising results regarding the cor-
relation of the seismic stratigraphy. Beginning in the
Great Abaco Member below Horizon X, the cores con-
tained a reasonably high amount of chalk with velocities
above 2.0 km/s, and some layers of limestone with ve-
locities above 4.0 km/s. A time-average calculation for
the velocity of the lower part of the Great Abaco Mem-
ber, between X and A", gave 2.4 km/s. This calculation
is in substantial agreement with the 2.09 km/s velocity
measured by the sonobuoys at Site 534 (and with the
2.25 km/s velocity calculated for the same interval at
Site 391 [Benson et al.,1978]). The new and surprising
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Figure 57. Total-intensity magnetic anomaly map derived from the Eastward magnetic survey (from
Bryan et al., 1980). (The data were contoured in order to facilitate locating Site 534. The lineations

represented here trend NE-SW; the negative anomaly between Sites 391 and 534 is caused by a base-
ment trough.)
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MC-89, and MC-1] are dotted [after Bryan et al., 1980]. Units are two-way traveltime [in seconds]
below sea level.)
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Figure 59. Depth section of multichannel seismic reflection profile made aboard the Robert Conrad near Site 534 (after Sheridan et al., this volume).

Table 17. Seismic units predicted at Site 534 (after Bryan et al., 1980).

Seismic horizon Two-way Calculared Measured
(two-way travel time Calculated sub-bottom sonobuoy
traveltime in s)  within interval (s) thickness (m) depth (m)  wvelocity (km/s)

Seafloor (6.57) 0
to 0.21 200 1.91
M (6.78) 200
M (6.78) 200
to 0.32 334 2.09
X (7.10) 534
X (7.10) 534
to 0.19 199 2.09
A (7.29) 733
AY (1.29) 733
to 0.23 297 2.58
g (7.52) 1030
8 (7.52) 1030
to 0.20 299 2.99
c (7.72) 1329
C (7.72) 1329
to 0.17 269 17
D (7.89) 1598
D (7.89) 1598
to 0.13 21 34
Basement (8.02) 1819
Basement (8.02) 1819 5.7

seismic correlation at Site 534 is the discovery of the
27-m-thick Eocene siliceous claystones and chert of the
Bermuda Rise Formation below the Great Abaco Mem-
ber and above what is the A* = A°¢ unconformity (Fig.
60). This Formation was absent at Site 391 only 22 km
away, where the Miocene Great Abaco Member overlies
directly the variegated claystones of the Cretaceous
Plantagenet Formation and where no cherts and sili-
ceous claystones of the Paleocene-Eocene Bermuda
Rise Formation were found.

The local presence of this thin unit of Bermuda Rise
Formation just below the A* unconformity complicates
the correlation of the AY seismic horizon at Site 534.
One reason is that the impedance contrast between the
cherty Bermuda Rise Formation and the underlying wa-
tery claystones of the Plantagenet Formation should al-
so produce a reflection horizon, known as A¢ (Tucholke
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and Mountain, 1979). This Bermuda Rise unit is so thin
that the Av and Ac reflections would nearly merge at
Site 534 and would be within about one wavelet of each
other. The time difference between A" and A° can be
calculated from the equation:

At = 2AH ()
Vv

where H is the unit thickness of 27 m and V'is the inter-
val velocity of approximately 2.5 km/s. For these values
At = 0.02 s, which is close to a wavelet for 25- to 50-Hz-
frequency seismic waves.

On this basis Seismic Horizon A is thought to merge
with Horizon A¢ at Site 534, and the convolution inter-
ference of these two reflections is interpreted to result in
single positive wavelet found at 7.29 s sub-bottom two-
way traveltime (Fig. 60). Such a correlation would put
the Horizon At = Acinterface at 719 m in the drill hole,
which is close to the 733-m calculated sub-bottom depth
based on the sonobuoy measurements (Tables 17 and
18). This correlation also gives a reasonably good veloc-
ity, 2.04 km/s for the interval between A" = A° and the
seafloor, which compares well with the sonobuoy and
shipboard velocity data for the same interval.

It is interesting to note that this high-amplitude, sin-
gle, positive wavelet of Horizon A" = A¢ does not ex-
tend to the southwest where the AV reflector has a lesser
amplitude at Site 391, as seen in Figure 7. Another inter-
pretation related to the seismic stratigraphy of Site 391
Subunit 2e of the Great Abaco Member deals with the
hummocky nature of the internal reflections in that unit
(Fig. 7). This characteristic seems to be caused by real
initial dips of the debris flow units and lobes. It was
noted that in certain cores, the bedding in the debris-
flow and fluid-grain-flow units had dips of about 5°
throughout the thickness of several distinct flows. Some
prograding and outbuilding of the individual flows might
be producing the dips of the reflectors in the X to AY
interval.
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Figure 60. Seismic correlation at Site 534. (Reflector correlations are dashed lines. Formation boundaries are solid lines.)

Table 18. Correlation of drilled seismic horizons at Site 534,

In situ
corrected
Calculated Sonobuoy  laboratory
Sesimic  Two-way travel- Sub-bottom overlying interval  velocity velocity
horizon time (s) depth (m) velocity (km/s) (km/s) {km/s)
Seafloor 6.57 0 — — —
X 7.10 525 202 2.00 _
AlY=AC 1.29 719 2.04 2.09 23
B 7.46 887 1.98 2.58 2.1
B 7.52 975 2.93 2.58 2.0
c’ .72 1250 2.85 2.99 2.9
C 7.77 1340 3.90 2.9% 33
D’ 7.83 1432 3.06 37 0
D 7.89 1552 4,00 .7 34
Basement 7.97 1635 2.18 3.40% N

2 Refraction velocity.

Further drilling in Hole 534A through the Hatteras
Formation encountered two important lithologic and
physical breaks, which are correlated with seismic re-
flection horizons. In Core 40 at 887 m there was appar-

ently a change in lithology; the bit was interpreted to be
blocked by rock fragments that were not recovered.
Core 41 then recovered a variegated claystone and shale,
dated as late Aptian, which represents a thin 10- 15-m-
thick unit that correlates with Core 10 at nearly the ex-
act same level of Hole 391C (Core 10 is dated as late Ap-
tian to early Albian). Now it appears that this unit
marks a significant and abrupt change in physical envi-
ronment over a wide area. Lithologic changes, such as
the disappearance of thin quartz-rich layers below this
boundary, suggest that a significant sedimentological
event occurred between the late Aptian and early Al-
bian.

Examination of the seismic reflection profile at Site
534 indicates the presence of a weak reflector at 7.46 s
two-way traveltime. If this reflection event is correlated
with this late Aptian to early Albian event at 887 m, this
correlation would give a velocity of 1.98 km/s for the
above interval (A" = Ac to ') in agreement with the
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physical properties measurements (Fig. 60 and Table 18).
Although the physical properties immediately above
and below this late Aptian to early Albian horizon do
not change markedly, the reflection horizon might be
produced by harder rocks not recovered in Core 40. Al-
ternatively, it has been suggested that a mid-Aptian ero-
sional hiatus should exist in the deep western North At-
lantic (Vail et al., 1980; Shipley and Watkins, 1978), and
perhaps a similar hiatus is causing the reflector at 7.46 s
identified here. Terminations of bedding reflections along
this low-angle unconformity might produce the weak
seismic reflector even in the presence of only subtle
physical properties changes. This reflector may also cor-
relate with the so-called Horizon 8’ mapped farther to
the north in the western North Atlantic basin (B. E. Tu-
cholke, personal communication, 1980); therefore, we
have used this nomenclature for the reflector.

Deeper drilling at Site 534 eventually crossed the
transitional (=50 m) contact between the Hatteras and
Blake-Bahama Formations. Below reflector 8’, more
and more carbonate is found in the cores until nanno-
fossil chalk becomes the background sediment, with the
carbonaceous components being interbeds. The sedi-
mentologists on board the Glomar Challenger placed
the upper boundary of the Blake-Bahama Formations at
950 m, on the basis of the first occurrence of nannofos-
sil chalks. Increasing amounts of transported carbonates
forming hard limestone beds occurred at Cores 50 and
51. These first significant appearances of hard lime-
stones are correlated with seismic Horizon 8 taken to be
at 975 m (Fig. 60 and Table 18).

This correlation of Horizon 8 will result in a velocity
in the interval from Horizon g to 8’ of 2.93 km/s, which
is higher than the velocity of 2.58 km/s measured for the
same interval by sonobuoys (Tables 17 and 18). This dis-
crepancy is opposite to that above ', where the drilling
correlation gives a lower sonobuoy velocity of 1.98 km/s.
These opposing discrepancies are partially explained by
the fact that the sonobuoy measurements apparently
combined the 2.93 and 1.98 km/s intervals. A combina-
tion of these two interval velocities results in a velocity
of 2.3 km/s for the interval A" to 3, still slightly lower
than the sonobuoy velocity of 2.58 km/s.

Physical properties measurements on board indicated
that the interval between 3’ and 3 has in situ corrected
vertical velocities about 2.0 km/s; this includes the con-
tribution from the chalks in the 25 m above Horizon §.
This velocity is lower than the one predicted by the re-
flection correlation method or from the sonobuoy data.

Although the correlations presented here are appar-
ently at odds with the sonobuoy predictions and labora-
tory measurements, a discrepancy that can be partially
explained, they agree well with the correlation calcula-
tions and semblance velocity measurements made at Site
391 (Benson et al., 1978; Sheridan, Pastouret, et al.,
1978). A velocity inversion below the higher-velocity,
2.25 km/s, Great Abaco Member was calculated by the
drilling correlation to give lower 1.98 km/s velocities for
the Plantagenet and Hatteras formations, which agrees
well with the correlations at Site 534. Averaging of
many CDP (common depth point) semblance velocity
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measurements near Site 391 (Sheridan, Pastouret, et al.,
1978) also gives a remote determination of this inver-
sion, but these measurements are not precise because of
the short 2400-m offset of the seismic hydrophone ar-
ray. However, the CDP calculations do agree with the
drilling correlations presented here.

Although the correlation technique is used to deter-
mine interval velocities at Site 534, and these results in-
dicate discrepancies with velocities determined remotely
by sonobuoys, and with corrected laboratory velocities
(Table 18), these discrepancies are not really that bad.
We have already partially explained the discrepancy
with the sonobuoy data, because the sonobuoy solution
was calculated assuming a single layer of constant veloc-
ity between AY and 3.

The other explanation for these discrepancies lies in
the calculation errors inherent in each of the techniques.
For example, in the drilling correlation, the unknowns
about the exact convolution interference effects between
thinly spaced impedance contrasts, as discussed earlier,
make it uncertain at what exact part of the wavelet the
observed physical-properties change in the hole should
be correlated. This amounts to up to +0.02 s of uncer-
tainty in the interval times between the reflectors being
measured; when combined with the +10-m uncertainty
in drilled depth, it can lead to as much as a 10% error in
these calculated velocities. Another source of error in
the drilling correlation technique is the slight structural
relief in the reflection horizons being correlated; and
there is also the fact that the position of the drill site is
probably off the seismic line being measured by as much
as a nautical mile, given the navigational accuracy of the
site survey vessel. Thus variations in the interval times
being measured could be +0.01 s in the case of Site 534,
where the interfaces are sloping very gently, if at all.
This uncertainty in the interval times introduces a slight
error into the velocity determination, making the inac-
curacy as much as 12%.

As far as the sonobuoy measurements are concerned,
large errors can result because of what is assumed in the
basic equations, such as the assumption that all velocity
intervals have been detected by reflectors with moveout,
and that constant velocities exist in the intervals calcu-
lated. Also, the wide-angle reflection technique samples
a very wide area, several kilometers away from Site 534,
where the velocities might be slightly different. Horizon-
tal components of velocity, which are generally higher,
are also sampled. Moreover, the equations themselves
are approximations with a precision of 3 to 5%.

The laboratory measurements are precise, but as-
sumptions are made about the weighting of different
components of the lithology to give an average velocity
for the interval to compare with the other measurements.
Also, to correct the laboratory measurements to in situ
values assumptions are made based on some knowledge
of decompaction of various lithologies (Hamilton, 1976).
This probably leads to a 10% accuracy.

Accordingly, the discrepancies seen in Table 18 are
not significant. All the velocity numbers are within the
errors of the various techniques. However, the net af-
fect of these uncertainties was that the predicted depth



to Horizon 3 of 1030 m (Table 17) is 55 m deeper than
the drilled depth of 975 m at Site 534 (Table 18).

Obviously there is only one correct velocity structure
at Site 534, which is somewhere within the range of val-
ues calculated by the three techniques presented in Table
18.

When drilling through the lower part of the Blake-
Bahama Formation we encountered an abrupt increase
in limestone below 1250 m. This lithologic break corre-
sponds to a positive impedance contrast, as indicated by
the physical properties measurements and the decrease
in drilling rate. Seismic velocities, based on in situ cor-
rected laboratory measurements, increased from 3.1 to
3.6 km/s. Apparently, the increased carbonaceous clay
and shale content above 1250 m in the Blake-Bahama
Formation contributes to the relatively lower velocity in
the interval from 1050 to 1250 m. This shaly interval is
different from the same interval drilled at Site 391,
where more limestone and less shale were recovered.
Thus the drilling at Site 534 demonstrates a marked
facies change within the Blake-Bahama Formation in
the interval between Horizons $ and C.

Inspection of the seismic tie line between Sites 534
and 391 indicates that this facies change shows up in the
changes in reflectivity for the 8 to C interval. Visible on
line MC-88 of the Robert Conrad Cruise 2102 (Bryan et
al., 1980) are the characteristic closely spaced reflections
below Horizon 3 that are seen in most areas of the west-
ern North Atlantic seaward of Site 391 (Fig. 61). Between
Sites 391 and 534 these closely spaced reflections disap-
pear and the 8 to C interval becomes relatively more
transparent. Such an acoustic change could be caused
by more shale being present at Site 534 and more lime-
stones being present at Site 391. Also, the calculated
seismic velocities for this interval are different at the
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two sites, being 2.85 km/s at 534 versus 3.65 km/s at
391. This difference supports the observations of more
shale in the same interval at Site 534.

Regarding the correlation of Horizon C, the drilling
at Site 534 necessitated some revisions in the previously
published results. The positive impedance contrast at
1250 m is correlated with a positive reflection wavelet at
7.72 s, giving a 2.85 km/s velocity for the overlying in-
terval that agrees (within the uncertainty of the mea-
surements) with the 2.99 km/s sonobuoy velocity and
the 2.9 km/s in situ corrected laboratory velocity (Table
18).

However, the reflection at Site 534 at this depth, 7.72
s, had been correlated with Horizon C of Site 391 by
Bryan et al. (1980). This correlation poses a problem,
because at Site 391, Horizon C correlates with the top of
the Cat Gap Formation and the transition from white
limestone to red shaly limestone, whereas the positive
impedance contrast at 1250 m at Site 534 is the top of
the Berriasian bioturbated limestone of the bottom of
the Blake-Bahama Formation. In an attempt to resolve
this confusion, the original seismic tie line, MC-88 (Fig.
61), between Sites 534 and 391, was reexamined to trace
the correlation of Horizon C between the two sites. The
reexamination indicated that the wavelet for Horizon C
at Site 391 did not carry to the wavelet at 7.72 s at Site
534, but to the next deeper wavelet at 7.77 s (Fig. 61).
We correlate the wavelet at 7.77 s with the top of the Cat
Gap red shaly limestones and designate this Horizon C
at Site 534 (Fig. 60). This correlation gives an interval
velocity of 3.90 km/s for the rocks of the Berriasian
white limestones, close to the in situ corrected labora-
tory value of 4.0 km/s. This correlation of the well data
to the seismic data is subject to alternate interpretations,
based on the preliminary nature of the data and the
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Figure 61. Multichannel seismic reflection profile made from the Robert Conrad showing the disappearance of the closely spaced reflections between

Horizons 3 and C between Sites 391 and 534.
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analysis to date. With the addition of logging and syn-
thetic seismogram studies, we hoped to reevaluate and
further delineate these correlations (see Sheridan, Bates
et al., and Shipley, this volume).

It is evident, however, that the impedance contrasts
at the top and bottom of the Berriasian-Tithonian lime-
stone give positive reflection wavelets that can be car-
ried over a wide area as a strong doublet with Horizon
C. We designate the upper reflection of the doublet as
reflector C” (Fig. 60). This characteristic double posi-
tive wavelet of C'-C appears on other multichannel
seismic reflection profiles to the north, such as the
UTMSI line across the Blake Outer Ridge (Shipley et
al., 1978). It appears that the white limestone at the base
of the Blake-Bahama Formation, in contact with the red
shaly limestones of the Cat Gap Formation, forms a
strong amplitude pattern because of the convolution in-
terference of the wavelets at these closely spaced (within
50 m) impedance contrasts.

In one case, on the UTMSI line the doublet C'-C
(the top of the WNA-9 unit in Shipley et al. [1978]) be-
gins to diverge in time section toward the northeast. It
therefore becomes apparent that the C’ and C wavelets
are distinct geological contacts that are nearly merged in
the area of the Blake-Bahama Basin.

A recent interpretation of the western North Atlantic
seismic stratigraphy (Vail et al., 1980) correlates the top
of the WNA-9 unit with a hypothesized basal Valangin-
ian unconformity, which would imply that C’ is such a
hiatus. Indeed, the assignment of C’ within the Berria-
sian is close to the age proposed by Vail et al. (1980),
and the abrupt change in lithology (decrease in clay con-
tent and increase in limestone) does imply a possible hia-
tus. Certainly an important paleoenvironmental change
occurred at that Berriasian contact.

The net result of these revised correlations of Hori-
zon C and reflector C’ is that the depth calculated for
these deeper reflectors is shallower by some 70 m, as
compared to the original predicted depths (Table 17).

Upon drilling through the Upper to Middle Jurassic
sediments, the reflections between Horizons C and D
were encountered. These reflections are being correlated
with the impedance contrasts associated with the increase
in turbiditic limestones relative to the general background
shale lithology of Subunits 6a (Cat Gap Formation) and
7a. Marked increases in drilling time are associated with
these limestone stringers (Fig. 62), and generally higher
interval velocities are determined for the limestone units
(e.g., 3.9 km/s for Subunit 6B based on in situ corrected
laboratory measurements).

The contact between Lithologic Subunits 6a and 6b is
very abrupt and marked by a sharp drilling break, which
correlates with the positive reflection wavelet just below
Horizon C, called reflector D’ here (Figs. 60 and 62).
There is no biostratigraphic evidence for a sedimentary
hiatus between Subunits 6a and 6b, but resolution in the
Kimmeridgian-Tithonian interval is limited at best. If
further studies of more Site 534 samples would suggest
such an hiatus, they would be in agreement with the seis-
mic data that show truncations at this reflector. Vail et
al. (1980) suggest that there should be a deep-sea discon-

230

Drilling time (m/min.)

0 10 20 30 40
L L L L Il
i Bit change
s ———

= :

1400 it change
E
£ 5
g 8
o l— D’ -
E e
£ e
o E
ey 8
2 &
w

—
_‘:_—h
1500 —
<«— D
1600

Figure 62. Drilling time for the cored interval across reflectors C, D,
and D, at Site 534, (Note the abrupt change at D', where underly-
ing reflections appear to terminate, as if Horizon D’ is an uncon-
formity.)

formity at 141 m.y. associated with their proposed glo-
bal sea-level drop, and this correlation might agree with
their suggestion.

Horizon D is correlated with the change from Sub-
unit 7a, a more shaly lithology, to Subunit 7b, compris-
ing more thick-bedded turbiditic limestone; the bound-
ary is the limestone in Core 117 at 1552 m. Although
coring recovery was quite poor in this interval, there is
good indication of increasing limestones in Subunit 7b,
based on the increased drilling times below 1550 m (Fig.



62). Unfortunately the poor recovery of material in this
interval prevented a statistically meaningful distinction
of a higher impedance or higher velocity acoustic unit
that could be correlated with Subunit 7b, but it is prob-
able that such a higher impedance exists for this more
limestone-rich unit.

Given these correlations of Horizon D and D', the
calculated interval velocity between C and D’ is 3.06
km/s and between D’ and D is 4.00 km/s. These veloci-
ties generally agree with the 3.17 km/s velocity mea-
sured by sonobuoys and with the average in sifu correct-
ed velocity for the same intervals, 3.0 and 3.4 km/s
(Table 18), although core recovery was poor so that the
laboratory measurements might not be representative.

This correlation of Horizon D indicates that its depth
at Site 534 is 46 m shallower than its predicted depth
(Table 17), just as Horizon {3 has been found to be shal-
lower than predicted because of the erroneous sonobuoy
velocity in the A" to 3 interval.

Basaltic oceanic basement was encountered at 1635 m
in the bottom of Core 127, where a sharp contact exists
between the middle Callovian soft red claystones and
the hard igneous rock (Fig. 60). This occurrence is 180
m shallower than originally predicted (Table 17) for the
proposed site. We had hoped to touch down in basalt in
a place where the seismic reflection profiles showed base-
ment just deeper than 8.0 s (Fig. 63). Given the veloci-
ties calculated by the site survey sonobuoys (Bryan et
al., 1980), the depth to basement of 8.02 s corresponded
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Conrad seismic profile (line MC-88).
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to a calculated depth of 1819 m sub-bottom, which was
just in reach of the engineering drill-string limit of the
Glomar Challenger.

Apparently Site 534 is located a short distance (~0.5
n. mi.) away from the reference multichannel line,
MC-88 (Fig. 63), where the local basement relief brings
the basement reflector to 7.97 s. Such positioning uncer-
tainties are inevitable when trying to reoccupy seismic
lines, which themselves have uncertainty in positioning,
and when using satellite and Loran C navigation sys-
tems.

Given these uncertains, we are pleased that the actual
position of Hole 534A is so close to what we had hoped
for. The prime goal of penetrating Horizon D, the old-
est reflector in the western North Atlantic Ocean in
reach of the Challenger’s drill, was achieved where the
sediment interval from D to basement was thick enough
to assure us of our seismic correlations.

Another reason for the basement depth being differ-
ent than predicted is the inaccuracies of the sonobuoy
velocities used to calculate depth. We have already dis-
cussed the affects of using the too high 2.58 km/s
velocity for the AU to 8 interval (Table 17), which result-
ed in Horizons 8 through D coming in 40 to 50 m shal-
lower. For the D to basement interval, the 3.4 km/s seis-
mic refraction velocity was assumed to apply for the en-
tire interval. Now we know this is a wrong assumption.
The refraction arrivals apparently come from head waves
traveling horizontally along the upper part of Subunit
7b where the hard, high-velocity limestones occur. In-
deed, the physical properties measurements for these
limestones are in the 3.4 km/s range for those values
measured parallel to bedding. However, the soft dark
red and green claystones below the limestones of Sub-
unit 7b are of a much lower velocity, as low as 2.2 km/s
(uncorrected laboratory measurement). This results in a
lower vertical velocity for this interval, which would
have brought the basement to a predicted depth of 1730
m, only 90 m deeper than encountered. Thus the inher-
ent velocity inaccuracies of the sonobuoy technique con-
tributed half of the discrepancy in predicted depth,
+ 5% of total predicted depth, while the inherent navi-
gational uncertainties contributed another +5%.

Given the results, we are quite pleased with the site
survey mapping and the precision of navigation of both
the Challenger and Conrad. The officers and crews of
both vessels should be commended, for without this pre-
cise work, the meaning of the seismic stratigraphy could
not have been established. Moreover, the predictions of
the feasibility of the drilling program could not have
been made and proven correct. Often the geophysicist
finds himself in the position of begging for more opera-
tional days to drill farther than he had predicted, especi-
ally at sites such as 534 where the objectives are so deep.
Often higher velocities are found for the deeper rocks
and the depth to basement is so deep it ‘‘races’’ ahead of
the drill to unreachable depths. Fortunately, this did not
happen at Site 534.

SUMMARY AND CONCLUSIONS

Continuous coring from 536 to 1666.5 m at Site 534
accomplished all the objectives established for the site,
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with the exception of obtaining a full suite of logs over
the entire length of the hole. Because of bridging of the
hole and large washouts, only density logs were success-
fully run on some portions of the hole. Drilling through
seismic reflection Horizon D and into oceanic basement
was the key to scientific achievement at this site. For the
first time these oldest oceanic sediments beneath Hori-
zon D have been sampled, and these samples reveal many
aspects of the early North Atlantic Ocean that were
often presumed to be quite different previously.

Lithostratigraphy and Biostratigraphy

The lithologic units penetrated at Site 534 between 0
and 1496 m sub-bottom are readily assigned to the for-
mation erected for the North American Basin (Jansa et
al., 1979) (Fig. 13). The red claystone, dark-colored
claystone, olive gray limestone, and radiolarian silt and
claystone between 1496 m and 1635 m on M-28 oceanic
basement are quite different from and older than the
Cat Gap Formation, the oldest known so far in the At-
lantic Ocean. In descending order we encountered the
following (Fig. 13):

1) From 0 to 2.1 m, in Core 534-1, penetrating 2.1 m
with 2.1 m (100%) recovered, a gray nannofossil ooze
and silty clay of the Quaternary Blake Ridge Formation.
This unit (Unit 1) was sampled before the casing string
to 531 m was placed.

2) From 536.3 to 696.5 m, in Cores 534A-1 to -18,
penetrating 160.2 meters with 83.5 m (52%) recovered,
chalks and intraclast chalks and dark green mudstones
of the middle and lower Miocene Great Abaco Member
of the Blake Ridge Formation (Unit 2).

3) From 696.5 to 723.5 m, in Cores 534A-19 to -21,
penetrating 27 m with 8.4 m (31%) recovered, an inter-
bedded zeolitic and siliceous, variegated mudstone, grad-
ed sandstone, and porcellanite of the upper Eocene Ber-
muda Rise Formation (Unit 3),

4) From 723.5 to 764.5 m, in Cores 534A-22 to -26,
penetrating 41 m with 9.9 m (24%) recovered, a varie-
gated claystone of the lower Maestrichtian Plantagenet
Formation (Subunit 4a).

5) From 764.5 to 950.0 m, in Cores 534A-27 to -46,
penetrating 185.5 m with 83.2 m (45%) recovered, a
black to green carbonaceous claystone of the Cenoma-
nian (Vraconian/uppermost Albian) through lower Ap-
tian Hatteras Formation (Subunits 4b-d).

6) From 950.0 to 1342.0 m, in Cores 534A-47 to 91,
penetrating 392 m with 298.4 m (76%) recovered, a bio-
turbated and laminated radiolarian-rich nannofossil lime-
stone and chalk, grading upward into calcareous clay-
stone and carbonaceous claystone redistributed shelf
limestones and quartzose siltstones of the Barremian
through the lower Berriasian Blake-Bahama Formation
(Unit 5).

7) From 1342.0-1496 m, in Cores 534A-92 to -111,
penetrating 154 m with 74.6 m (48%) recovered, a gray-
ish red, calcareous claystone underlain by dark greenish
gray claystone with interbedded limestone of the Titho-
nian through Oxfordian Cat Gap Formation (Unit 6).

8) From 1496 to 1635 m, in Cores 534A-112 to -127,
penetrating 139 m with 39.8 m (29%) recovered, a dark-
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colored variegated claystone, underlain by olive gray
pelletal limestone and radiolarian claystone, underlain
by greenish black to brown nannofossil claystone, ter-
minating in reddish almost massive claystone. This is a
new unnamed lithostratigraphic unit (Unit 7) of the mid-
dle Callovian through at least part of the Oxfordian.

9) From 1635 to 1666.5 m, in Cores 534A-127 to
-130, penetrating 31 m with 17.3 m (60%) recovered, a
dark gray aphyric to sparsely microporphyritic basalt
(Fig. 40). Green claystone and reddish brown siliceous
limestone with “‘filaments’’ fill some of the 1- to 5-cm-
thin fractures in the basalt and are present as thin (less
than 7 cm) interbeds.

The preliminary biostratigraphy of the Jurassic, Cre-
taceous, and lower Tertiary sedimentary section is based
on the interrelation of zonations using nannofossils,
foraminifers, dinoflagellates, radiolarians, and calpio-
nellids. The Kimmeridgian and younger biostratigraphy
resembles that previously described for DSDP Hole
391C. The abyssal nature of the hemipelagic sediments
deposited just above or below the carbon compensation
depth (CCD) for foraminifers resulted in a stratigraphi-
cally patchy and often much impoverished foraminifer-
al record, without abundant planktonic forms. Nanno-
fossils were most consistently present through the Juras-
sic to lower Tertiary, except in Jurassic and mid-Creta-
ceous dark shales. In those intervals organic walled mi-
crofossils and radiolarians assist in stratigraphic assign-
ments.

Key biostratigraphic information for Site 534 (Fig.
13) is provided by:

1) The nannofossil zonations, which allow a twelve-
fold subdivision in the middle Callovian through Albian
strata.

2) An age assignment of middle Callovian to early
Oxfordian for Cores 126 through 121, based on radio-
larian biostratigraphy.

3) The L. quenstedti, E. aff. uhligi foraminifer as-
semblage characteristic of the E. mosquensis Zone in
and below Core 99, which is not younger than early
Tithonian, and Valanginian, Barremian, Aptian, and
Vraconian datums between Cores 72 and 27.

4) The presence of Zone A (upper Tithonian) in Core
93, and of Zone B (close to the Tithonian/Berriasian
boundary) in Cores 92 through 87, based on calpionel-
lids.

5) Middle Callovian through Tithonian datum levels
in Cores 127 through 91, and nine zones in Cores 90
through 27 (Berriasian through Vraconian) based on
dinoflagellates.

6) A presumably in situ lower Maestrichtian Globo-
truncana foraminifer assemblage in Cores 23 to 26, and
the upper Eocene nannoflora assigned to the D. bar-
badiensis to G. saipanensis Zones in Cores 19 to 21.

The Miocene stratigraphy at Site 534, as in Hole
391C, uses a combination of standard nannofossil and
planktonic foraminiferal zonations; resolution is better
than that in the older beds. There is good agreement in
age assignment between the five microfossil disciplines
for the majority of the Mesozoic-Cenozoic cores. It is
particularly satisfactory that excellent dates exist on the



basal sedimentary cores (127-124) (middle and late Cal-
lovian), on the cores (90-92) near the Jurassic/Creta-
ceous boundary, and in general at the bottom and top of
the seven lithostratigraphic units. Discrepancies between
nannofossil and dinoflagellate stratigraphies for the Cal-
lovian/Oxfordian, Oxfordian/Kimmeridgian, and Kim-
meridgian/Tithonian boundaries and between nanno-
fossils-foraminifers and dinoflagellates for the Hauter-
ivian/Barremian boundary cannot be resolved at this
time. Several lines of study may help to resolve these
discrepancies: (1) reappraisal of the synchroneity of
ranges of key taxa in the Blake-Bahama Basin and in the
areas where the ranges were first established and were
calibrated to a chronostratigraphic scale; (2) study of
more deep-marine Mesozoic sections if and when such
become available; (3) further study of foraminifers,
nannofossils, and dinoflagellates in the Jurassic Atlan-
tic margin basin (e.g., Portugal, Morocco, North Amer-
ican Atlantic shelf); and (4) improved calibration of the
zones and datums or ranges to ammonite and calpionel-
lid zones.

Depositional History

The thick Jurassic, Cretaceous, and Tertiary-Quater-
nary stratigraphic sequence is the result of relatively
continuous slow and periodically fast sedimentation.
There was mainly continuous, quiescent, 0.1 cm/103 yr.
or less, hemipelagic ‘‘background’” sedimentation at sea-
floor depths between the CCD for foraminifers and that
for nannofossils. On this record is superimposed period-
ic sedimentation by turbidity currents, debris flows, or
bottom currents of slope or shelf carbonate and carbo-
naceous claystone at average rates as high as 4 cm/103
yr. Three-quarters of this sediment (decompacted thick-
ness) were deposited during the first 50 m.y. after the
site formed at the mid-ocean ridge in the Callovian (154
Ma on the van Hinte time scale [1976b]). The overlying
section, largely Miocene and younger, accumulated in
the last 20 m.y. The main periods during which carbon-
ates were redeposited occurred in the early part of the
Early Cretaceous and in the Miocene; carbonaceous clay-
stones were the dominant deposits in the basin in the mid-
Cretaceous. Redeposited quartz sand and silt form a
minor constituent of the cored section, which can be ex-
plained by the damming effect of the carbonate barrier
platform to the west and southwest of the basin and by
the very distal location of the site.

The basal sediments and several interbeds in the ba-
salt are red, weakly laminated to massive claystones that
contain some flattened burrows. There is no obvious ba-
sal ferromanganese horizon at Site 534. The color and
sedimentary features point to oxidizing bottom waters
without strong current activity in the middle Callovian
basal deposits.

The Middle and Upper Jurassic brown and green
black, radiolarian-rich claystone and redeposited lime-
stones indicate hemipelagic sedimentation, modified by
slope and shelf-derived turbidites and bottom-current
transport. The various green, red, gray, and black col-
ors largely reflect organic matter content and the sulfide
surviving after diagenesis. Sedimentary structures in-
dicate deposition of the black shale laminae largely by
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dilute turbidity currents. One alternative is that the black
shales reflect periodic organic-matter input (mostly ter-
restrial) possibly related to fluctuating climate on land.
In this case bottom water need not have been anoxic.
Alternatively, pools of reduced bottom water may have
existed for short periods on the Callovian seafloor.

Sedimentary structures, especially low-angle cross-
bedding and winnowing effects, show that the Middle
Jurassic Atlantic Ocean basin may have had some bot-
tom circulation leading to possible contourite deposi-
tion. The Jurassic ocean surface waters sustained rich
radiolarian faunas and nannofloras indicative of an
ocean with a well-established surface circulation. The
presence of these radiolarian faunas and nannofloras
might suggest a continuous open marine connection to
Tethys and probably the Pacific as well. This connec-
tion is also shown by the presence of Oxfordian primi-
tive planktonic foraminifers. These are some of the old-
est known and correlate with an abundance peak in the
Mediterranean basin margins.

The major influx of pelagic and redeposited carbon-
ates in the Berriasian to Barremian (Early Cretaceous)
gradually changed to predominantly carbonaceous clay-
stone accumulation during the Aptian to Cenomanian.
The CCD shoaled sharply in the Barremian through Ap-
tian and resulted in carbonate-depleted sediment. Many
of the thin (<15 cm thick) carbonaceous claystones
were deposited by distal turbidity currents. Ubiquitous,
very fine laminations may be the result of extremely dis-
tal turbidites or nepheloid deposition. The organic mat-
ter is mostly terrigenous and less marine in origin, possi-
bly reflecting a wet climate on land and an oxidizing en-
vironment on the seafloor. Alternatively, the sea bot-
tom water may have been anoxic for at least some time.
Based on the level of thermal maturation, kerogen type,
and organic content, the carbonaceous claystone may be
considered a potential gas source. There are distinct al-
terations (cycles) of primary and pedogenic (cf., illite to
smectite) clay minerals and distinct peaks in organic
abundance. The marine organic matter peaks correlate
to similar peaks at other sites in the Atlantic Ocean. The
variegated, oxidized late Aptian sequences contain mi-
nor silt layers and weather resistent clay minerals, which
indicate a marked change in environment with improved
bottom circulation, slower accumulation, or winnowing.

A surprising find was several tens of meters of thin,
variegated claystone and interbedded zeolitic-siliceous
mudstone, siltstone, and minor porcellanite of the Mae-
strichtian and the late Eocene (Fig. 13) where the Mio-
cene/Cenomanian disconformity (discovered during Leg
44 at Site 391, 22 km southeastward) was expected. The
postulation that there had been up to 800 m of erosion
(mostly during the Oligocene), formulated on the basis
of somewhat tenuous coalification data in the Aptian/
Albian and Miocene strata (Dow, 1978), may need revi-
sion. Rather, we conclude that extensive sediment starva-
tion in the Late Cretaceous and Paleogene Blake-Bahama
Basin led to a low net sediment accumulation without
large-scale sediment erosion.

In the lower Miocene gravity flows, one continuously
graded unit over 10 m thick was observed that could be
related to the same depositional event as that observed
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at nearby Site 391. Rather similar and coeval deposits
have been found during DSDP cruises off Morocco,
which suggests common causes for their formation, We
are not certain if oversteepening of the shelf terrace due
to Oligocene eustatic sea level lowering or Alpine tec-
tonics (in the Atlas Mountains and Cuba-Antilles) or
both was the cause of the large-scale Miocene gravity re-
deposition.

Physical Properties and Seismic Stratigraphy

Laboratory velocity measurements and in sifu impe-
dance calculations compare well with the correlation be-
tween seismic reflectors and drill hole lithologies and
hiatuses. The possible errors in the different techniques
of measuring velocities (laboratory versus seismic) place
limitations on the certainty of the seismic correlations
and the calculated impedance values for subjectively
subdivided units. However, in the absence of computer
modeling with log data, this is the best approach with
the data available at sea.

The laboratory measurements, corrected to in situ
values, showed generally higher values for limestones
and cherty layers—2.4 to 4.0 km/s—and generally lower
values for shales and claystones—2.0 to 2.9 km/s—as
expected. There was a general increase of measured ve-
locities and densities with depth for each lithology, clay-
stone, chalks, and limestones.

While generally increasing with depth, the in situ cor-
rected velocities and densities clearly document strong
and abrupt inversions in four cases, at depths as deep as
1500 m (Fig. 13). These acoustic inversions produced
slight inaccuracies in the sonobuoy velocities used to
predict the depths at the site. The failure of the sono-
buoys to detect any of the inversions led to 40 to 50 m
discrepancies between predicted and drilled depths.

Important seismic correlations were made on key seis-
mic reflectors at Site 534. Two ‘‘kinds’’ of reflectors
were identified as: (1) those caused by strong bedding-
plane impedance contrasts (facies changes) and the re-
sulting convolution interference (e.g., A, 38, C, and D);
(2) those caused by unconformities and more subtle, as-
sociated impedance contrasts (e.g., AY, 3’, C’, and
D’). Reflectors 3’, C’, and D’ are inferred to be un-
conformities, on the basis of abrupt lithologic changes
and truncations or downlap evident on seismic profiles.
However, biostratigraphic resolution is insufficient to
corroborate this interpretation. In Hole 534A the reflec-
tors are presently assigned (Fig. 13) as follows:

Bedding Planes

A¢ = upper Eocene porcellanitic claystone

f = Barremian turbiditic limestone

C = uppermost Tithonian or lowermost Berriasian
interlayered

D = lower Oxfordian turbiditic limestone

Unconformities

Av lower Miocene/upper Eocene

B’ lower Albian/upper Aptian

c’ upper Berriasian/lower Berriasian

D’ = Kimmeridgian/Kimmeridgian

The ages of Horizons A¢, 8, and C at Site 534 agree
with previously published correlations at Site 391 (Sheri-
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dan, Pastouret, et al., 1978; Benson et al., 1978) and at
Sites 386 and 387 (Tucholke and Mountain, 1979; Tu-
cholke, Vogt, et al., 1979). The age of Horizon D, drilled
for the first time at Site 534, is younger than the basal
Callovian, predicted by Bryan et al. (1980), and older
than the Tithonian, predicted by Vail et al. (1980).

The ages of the unconformity reflectors A%, g’, C’,
and D’ are determined to varying degrees. A" and C’
are well bracketed. These ages agree with those hiatuses
predicted to exist in the deep sea by Vail et al. (1980);
these are the Oligocene and basal Valanginian hiatuses,
which are times of rapid eustatic sea level falls. The ages
of 8’ and D’ are less rigorously defined, but they could
correlate with the mid-Aptian and mid-Tithonian (basal
mid-Kimmeridgian) sea level falls and associated hiatus-
es, respectively, of Vail et al. (1980). The reason for this
correlation of deep-sea and shelf unconformities is not
understood, but it is clear that deep-sea processes must
cause either nondeposition or erosion at these reflectors.
Truncation is evident on some of these reflectors, so
some small erosion also took place.

Age of Basement

The magnetostratigraphy of the sedimentary column
of Hole 534A could not be ascertained aboard ship, but
the direction of magnetization of the basaltic basement
rocks is consistent with the Jurassic paleolatitude of the
site. The age assignment of the basal beds to the middle
Callovian has been verified by nannofossil and radiolar-
ian stratigraphy. In order to reach basement within the
engineering drill-string limit, Site 534 was positioned on
the north flank of a fracture zone trough. As a result,
basement was penetrated at a shallower depth than the
sediments in the adjacent trough. However, because the
seismic profiles suggest that the hemipelagic sediment
cover on the basement at Site 534 formed more or less
simultaneously in troughs and on highs, we are confi-
dent that the biostratigraphy of the basal sediments pro-
vides a reliable estimate of the minimum age for the base-
ment at Site 534.

In support of this conclusion, the basal ages of previ-
ous Deep Sea Drilling Project sites on various seafloor
magnetic anomalies are plotted in Figure 64. The mag-
netic anomalies are plotted at the distance from the cen-
ter of the Mid-Atlantic Ridge along a flow line through
Site 534 south of the Kane Fracture Zone. As a compari-
son, the paleomagnetic measurements of these same re-
versals, made in stratigraphic sections where the ages
are known (Ogg, 1980; Lowrie et al., 1980), are plotted
over the same anomalies. Note that the age of the basal
sediments on the anomalies are within +1 to 2 m.y. of
the paleomagnetically determined age. This consistent
relationship in so many cases implies that the basement
ages determined by drilling are generally reasonably
accurate.

Seafloor Spreading in the Middle and Late Jurassic

Drilling at Site 534 has contributed greatly to our un-
derstanding of the spreading rates for the central North
Atlantic Ocean. The age of Horizon D, the deepest sedi-
mentary reflector yet drilled, was found to be early Ox-
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fordian. Assuming that constant sedimentation occurred
during this interval, the age of the reflection horizon is
thought to be approximately 149 m.y. on the van Hinte
(1976b) time scale. Given that the seismic horizon has
been mapped seaward to where it pinches out on Mag-
netic Anomaly M-27 (Fig. 64), it is possible to estimate
the approximate age of this magnetic reversal. It hap-
pens that this early Oxfordian assignment for M-27 is
in excellent agreement with the projected age for this
anomaly, based on the paleomagnetic studies of Ogg
(1980).

The sediments immediately above basement at Site
534 are dated as middle Callovian, about 154 m.y. old
on the van Hinte (1976b) scale. This age for Magnetic
Anomaly M-28 would also plot along a constant spread-
ing rate curve, with the ages determined for M-22 through
M-25 by Ogg (1980) (Fig. 64). A major achievement of
Site 534, then, is the substantiation of Ogg’s (1980)
dates. These data indicate that magnetic reversals M-26
and M-27 both occurred in the Oxfordian. There data
also imply that the sediments drilled at Sites 100 and 105
were deposited in the latest Oxfordian or early Kimme-
ridgian, which is in the range of the broad biostrati-
graphic determinations at those sites.

Following this argument, the Oxfordian dates for
M-25, M-26, and M-27 and the Callovian date for M-28
require a 3.8 cm/yr. spreading rate for the Late Jurassic
to Earliest Cretaceous (Fig. 64). It appears that the
opening of the modern North Atlantic Ocean began
with a pulse of very rapid spreading at rates >300%
higher than the present rate. The implications of this
rapid spreading for the origin of the Jurassic magnetic
quiet zone are discussed elsewhere in this volume.

Age of Blake Spur Spreading-Center Jump

Mapping of the magnetic anomalies in the North At-
lantic made it apparent that the corridor of ocean crust
between the East Coast magnetic anomaly and the Blake
Spur Anomaly had little or no equivalency on the Afri-
can margin. Such asymmetry requires a spreading-cen-
ter jump during the time of the Blake Spur Anomaly.
Vogt (1973) observed this asymmetry and estimated an
age of 175 m.y. for this jump; Vogt and Einwich (1979)
continue to extrapolate this date (Fig. 64). Vogt (1973)
admitted that this date was speculative and wrote: ‘““The
only adequate test for the hypothesis is to drill on the
Blake Spur Anomaly.”’

Unfortunately, drilling directly on the Blake Spur
Anomaly is not possible with Challenger’s present drill-
string capabilities. Site 534 is the closest site possible to
the Blake Spur from which to address the problem. As
mentioned in the Background and Objectives section,
sufficient seismic reflection mapping has been done to
show a structure at the anomaly that is compatible with
the spreading-center jump hypothesis. Drilling could
add little more to proving that it did occur, although
there are some suggestions of sub-basement stratifica-
tion in the Blake Spur Ridge (Shipley et al., 1978) that
might indicate an unusual basement type. These sub-
basement reflectors could be caused by many things, but
they are seen in other areas near the points of initiation
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of seafloor spreading. Apparently their formation re-
lates to the presence of a new spreading center, in agree-
ment with the spreading-center shift hypothesis.

However, drilling at Site 534 contributes to the dating
of the Blake Spur spreading-center jump. Extrapolating
the 3.8 cm/yr. spreading rate from the M-22 through
M-28 anomalies to the Blake Spur indicates an age of
155 m.y., or early Callovian, for the event. This is sig-
nificantly younger than the 175 m.y. age Vogt (1973)
and Vogt and Einwich (1979) projected; and it is quite
surprising to consider that such an event occurred so re-
cently.

This surprising result is compatible with other re-
gional tectonic data, however, and might help to explain
several stratigraphic features. Stratigraphically the Cal-
lovian deposits around the North Atlantic marked the
onset of a rapid, widespread transgression. Generally,
the breakup of plates to form ocean crust is punctuated
by a pulse of rapid subsidence and rapid transgression
over the breakup unconformity on the continental mar-
gins. This widespread Callovian transgression, then,
could be a record of the Blake Spur spreading-center
jump and would be supportive evidence for the ages in-
terpreted here.
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SITE 534 HOLE CORE 1 CORED INTERVAL 0.0-21m SITE 534 HOLE A CORE B1 CORED INTERVAL 13805-13955m
d FOSSIL ] FOSSIL
o CHARACTER o | A
- EMNE s Z| 2 8 |= E] =
&= z ol = GRAPHIC w(E) 3 2
| g ‘ﬁ g E E| B | utHoioay EYFHORCNE DEAChITT N e |g-§ tla 2 N I (Wil E LITHOLOGIC DESCRIPTION
LSIE 5| 8|2 (8] (#]% $3H e HHHEREE 1 tH
£ |5 12|52 E R 1 i A E
2 |5 Fd E ! i L PIE 5
MHEIHE _E2 HHH FEE
[ Comi = = |Fm 1 el
| A == | =
T2 s, i A FORAMINIFER-NANNOFOSSIL 00ZE z CALEASEOUS CLAYSTONE
£ o5t 4 % STON
3 :1:':}—_.:1 | Bection 1: foraminiter nannotossil iilty) ooze, fight olive H H CALCAREQUS CLAY! E: upper porticn s dusky
E ' === 1 aray (BY 6/2) and light greenish gray (BGY 7/1) ta blulsh € |48 red (10R 3/3-10R 3/2), lowsr portian fv gresnish gray
s 2 e i o 1 aray (58 B/1), sight mateling, E 3 1BGY 5/1).
z| eyt El3g
= i o I Section 2; 3o Smant Side of darkar red claystons has 15% neeties of
2 q= |+i I 025 cm; forsminiter-nannotoss! [slity) ooze. E fire silt-size arsponitel?).
] m e, 25-48 cm: nanncfom) masi, greenich gray (BG 6/1), -
& =~ ey N | disseminated pyrite fraquant. SMEAR SLIDE SUMMARY (%)
T 2 -1 @3 | .10 1,10
a - boB
s |5 = i I Taxturs:
=2 |¥ JA|Co L Silr 15 12
Clay &5 EB
Compesition
SITE 534 HOLE CORE H1 CORED INTERVAL 2.1-875m :ul: 1 1
7] ica 2
£ | cuanacren Clay @ @
E E =T3[3 =2 é.mm 2 15
w sl = rbanate unspec. b 6
T; HAH § £ B i~ Lfl":lt:i_rgg\f LITHOLOGIC DESCAIPTION Cale. nannofossily I "
¥ SlEnN|z < a 2 ;l g o Plant debris 1 1
R HE E
F ol H
= [2]|2|2|5 E
. HIGHLY DEFOAMED TO SOUPY SEDIMENTS
- A wath core, highly deformed end contasnated by sand
L] ] and rust flekes.
1.0
1
.
3
2| 4
7 L—- VoI
ce|

peS LIS
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CORE

H1 CORED INTERVAL 0.0-631.0m

E
4

e

TIME - ROCK
umnT
BIOSTRATIGRAPHIC
ZONE
SECTION

MANNOFOSS)
MADIOLARIANS
DIATOMS

GHAPHIC
LITHOLOGY

METERS

BRICCTRG
MENTARY

SAMPLES

LITHOLOGIC DESCRIPTION

uNIT
BIOSTRATIGRAPHIC

TIME — ROCK

Liily il IIIITLIIITIIII

LiL

I
[EENINNNN]

middie Miocene

0
0

0%0
0.0
nncn

0
g-0
n"nurr

0990405995058 ¢t

nUDBUUUUnUnUnU d

[
]
a

o
)

040!
0
0,0

£ i3
E oo
'_"_ --DCSH
§ jesoas:
£
He =

CHALK and OOZE

Sectiors 1 and 2: masive clay, gray to white ING=5YR
8/1), calcareous.

Section 3:

16160 cm: massive chalk, gray (BGY 6/1), with scatterad
burrow mattiing.

Section 4: mixed calcareous coze and chalk.

Whals core highly disturbed.

early—middle Miccene

E
g

TIME - ROCK
uNIT
BIOSTRATIGRAPHIC
[ MANNOFOSSILS
RADIOLARIANS

FORAMINIFERS
DIATOME

EAMPLES

[ 2 CORED INTERVAL
w|g R
§ & E|lE Lﬁ'ﬁ?rolg\r LITHOLOGIC DESCRIPTION
i z 2 gz 8
C
g E g
2 3
- x
B X
7 =1 X SILICEDUS MUDSTONE
5 X
- A e Section 1: sllicesus mudstone, geayish olive (10Y 472),
H 3 > highly fractured ang disurted. Mudstona is rich in pyrite.
1'0': > Core-Catchar: becomes calcarsous muditone,
3 B SMEAR SLIDE SUMMARY [%):
rs 1,1MBCC  CC
“ - b % Tioors: M D TEM
Sanct & -
Silt 44 0 100
Clay 50 B0 -
Composition:
Quartz w - -
Clay ¥ B -
Pyrite 20 1 -
Carbanate unspec. o 1m0
Foraminiters - 1 -
Cale. nannotouils 4 20
Diatoms B 4 -
Radialarians 2 4 -
Spangs ipicules 4 4 -
3  CORED INTERVAL B55.4-565.0 m
H
Z| e
w
£ § £ | Liotocy LITHOLOGIC DESCRIFTION
~N - I.Il
=
@

early-middle Miocane

M. amplisperta (N}

G. irmeoeta (F)

INTRACLASTIC CHALK and CHALK

Section 1: marly intraclastic chalk, grayish yellow green
{5GY 7/2) with clay and chalk [5Y B/4) intraclawi. |ntra-
claste alongated (1.6 em x 0.3 mm] sned orianted hedi-
zontally and mone memercus below B0 em.

Sectoon 2:

5080 cin: series of urhidite

81-80 cm: foraminilaral chalk.

B0--02 cm: mudstone, grayish ollve 110 472); bioturbated,
83--130 em: siliceous calcareous mudstone, gayih alive
110¥ 472}, modesataly biaturtated.

Section 3:
BO--103 em: marly intreclastic chalk.

SMEAR SLIDE SUMMARY (%)
1,146 2,98 2,117
[+ o

Texture:

Sand 5 an -
Sily W 4 20
Clay & 2/ 80
Composition:

Ousarta - - 2
Mica - 1 -
Hegvy mindrals x; 5

Clay 2 n 53
Wolcanic glass 1 = -
Pyrite 1 - £
Carbanate urdpsc. 20 16 10
Foraminifers 3 40 2
Cale. nannoosiis 20 10 10
Diatoms 3 ~ 10
Padiabarizn 3 1 3
Spange spicules 5 18 3
Fish remains 1 = 1
Dalomits rhambs ! - -
Apatits = 2 -

Siderite - - 3

PES H1IS
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SITE 6534 HOLE A CORE 4 COREDINTERVAL  565.0-674.5m SITE 534  HOLE A CORE 6  CORED INTERVAL 5745-584.0m
S FOSSIL 2 L
- g CHARACTER ” ; CHARACTER
§ ] zle - g |z.[2T= z| w
I = z ; S|l = GRAPHIC - a2 Z|l & -
3 EHHE El & | urwolosy LITHOLOGIC DESCRIPTION A o ] 5 E| & LORAHIC. LITHOLOGIC DESCRIPTION
w3zN| 2 -] H 2 -} w3 37| 2 8 B 8
= @ E - & g = E u
R HE 3 H £l 13[4]5 g
ERHEEE FFH A HEHEE 3
n INTRACLASTIC CHALK CALCAREOQUS CHALK
0.5
Saction 1: marly intraclastic chalk, fight bluish gray (58 Saction 1: cabcareous chalk, greenish gray (5G &), homo-
7/1) to pale greenish yellow (10 B/2) bacoming very light geeous to 103 cm, then [s lamineted and convoluted.
gray (MB] down section. Intreclasts are gray—brown—green A fine-grained turbidite,
'D: [5Y 3/2-6Y 4/4-10Y 4/2-10G 4/2) mudstone, slongated
- lup 10 0.5 em In length) and orlented hoslzontally; are Section 2: » serhss of linkng upward calearsous chalk turbi-
= - absant fram 100150 em. dites. grays and greens [5Y 671, 5 B/1), interupted by 8
* calcarsaus sitty claystone bed
a -voio Section 2:
= 10-68 em: i colcareous chalk turbidite with basal cosrse Saction 3: minor turbidites in calcareous silty clay, olive
4 | sand compossd of Arphistegiia foraminiters pinkish— gray (BY &/1).
-3 = Al « yellowith gray (5YR B/1-5Y B/1), 112160 crm; massive marly chalk, yellowish gray (5Y 8/1)
2 =] H ” B8-150 em: siliceous sitty clay, Night greenish gray [5G grading to pale ollve (10Y 8/2) in Section § (probably
871, 5G 8/1) 10 light olive gray (BY 41, Y 6/1), may be tail of 2 turbiditel.
asrrow matthed, Ismineted, ar homoageneous; deposited by
L bottom eurrantil) urbidites?). Section §: series of turbidites in intraclastic marly chalks.
Sections 3 snd 4: wmiler to §8-1560 cm of Section 2. SMEAR SLIDE SUMMARY (%):
2,69 3.8
Section B; DM
E J2-117 em: homogeneous calcarsous chalk, vary light gray Texturn:
r N8 to yellowish gray [5Y B/1). Sin % 40
z Clay B B0
z 3 SMEAR SLIDE SUMMARY (%): Composition:
f » 1,146 2,06 2,113 3,88 Ouartz a2
E i o M D D Clay 52 M
a | Teture Glauconite - 1
Sand 2 3 = Pyrite 2 2
! it B0 33 =/ 70 = " Carbonate urspec. B 30
Clay ;0 w Faraminifers 3 3
Compositeon: Cale. nannofoml AL 5
I Guarz < W e 8 £ Diatoms ER
Feldspar = ui 1 Radiolarian 3 1
4 Clay k2] 5 B 1 Sponge spicules L] 3
! Carbonaie nipec. 0 0 - ¥ Fish remains 1o
Foraminifers B an - a8 Plar debwris 1 -
Calc. nannafossils 3 - - n Dolomite rhombs 3 -
1 Diatoms TR S
Aediclarian - 1 3 4
= Sponge spicules & 1 il 1
4 }_” Fish remains - ] = %
z < Apatite 1 - 5 5
- 5 = Ostracod 1 . £ W
| 9
| =t vois =
4 < 5
HEGE leel 3 ¢ EX
z
L] (=3

vES JLIS
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SITE 534  HOLE A CORE 6 COREDINTEAVAL 584.0-5835m ﬂEm HOLE A CORE 7 CORED INTERVAL  593.5-603.0m
] FOSSIL ] FOSSIL
o é CHARACTER - g CHARACTER
e lel= z|l e 2 |=.lel= z| @
=gz H g GRAPHIC = oyl 2 gl e GRAPHIC
HEIEE L HEREG TR LITHOLOGIC DESCRIFTION H i HE z £|E | umotooy | ZE LITHOLOGIC DESCRIPTION
N HEFHBEE g A HEIF I ERE
g | HEE H g |z51%|5]¢% & 5
& |2]2]|2]|a ! & |2]z]|2]|a5 EE
e P
INTRACLASTIC CHALK = - FORAMINIFERAL CHALK ard CHALK
-
Sections 1, 2, and 3: marly Intraclastic chalk, light olive Ay Al TS Section 1: foraminiferal chalk grading to foraminiferal
1 . gray {5Y /1), massive, intraciests Alattened nd oriented 1 i sandistong a1 ~80 om, yallowish gray (5 8/1) to light alive
harizontally, include silicsous ity clay (68 6/1 and GGY 1 gray [5Y 8/1), probably the lower part of a twrbidite
2/1) and chalk (NA) m— Al Laminae dip ~5°,
? - B5—120 cm: siliceous mudstone grading to siltstone, olive
Saction 4; wedge ol intraclastic chalk is very cosrse with - gray (B /1] ta madium bluith gray (BB 5/1], probably
clasnt up to LB em in length; upper surface appears f turhidite.
s S o S o A 20180 o s o i
Son formnd by, orfeted sillcscus rodetone capis i greenish gray (BG 8/1, 6BG 8/1, bioturbated.
feminated part deposited by bBottom currents which wane Section 2¢
2 ::::":f 2 é 25-100 em: wlicsous, eaicaraous mudstone grading to
- 8585 cm: intacbodded silts and carbonate. N ;ﬁmvm"":b;:;’;.em {6G 61, 58 &1, BY
= 85120 cm: marty chalk, :
.
2 . Section 3: sllicecis, cabcarsous muditons grading to sand-
Geochemistry SMEAR SLIDE SUMMARY i%]: stone, ofive gray {5 511), turbidits deposition.
E 1,70 4,93 5,88 ’
8 o o M o Section 4: calcassous chatk, wery light yellowish olive gray
= Taxture: 1 IBY 7/1), massive.
= Sand 3 5
L} 1 Silt L T ] E 3 -+ Section B Wlicsous calearsous mudstone, bluih gray
Clay & 40 ] 158 8/1) 1o olive gray 15Y 5/1),
Camaasitian = 4
= Cuarte == 1 E SMEAR SLIDE SUMMARY (%):
] Clay B’ M B F L 1,120 1,135 2,122 4,83 1, 80
Glaucanite 1 1 1 I ] D TS M
i unipec 50 47 66 A Texture:
™~ Farsminifers 1 § B Fd Sard 10 - - - -]
Cale. nannofossils w6 8 1A St 15 S 330 30 22
A Radiotarians o : t Ciay w® s 70 70 18
Spange spicules 2 5 4 oo == Companition:
4 Dolomite thomis - 1 1 4 e - Quarks 8 1 2 - 8
" T = |k . Ciy 6 W s 1B 1
= 1 Pyritn 1 2 - L]
3 £ Carbonate unspec. 11 - 10 4
- - Foraminifers - - 1L}
Calc. nannofossiis v W B W -
Z)
Rp) c 3 Diatams - 1 § = =
* Radiolarians 1 = 1
L Sponge spicules B 3 3 4 1
cm NG Silicoflagellatss 1 - = = -
o 5 Dalomite rhormb B B = = =
s Z = 1
=
1 L
! L
< | XL
={Fp [Fm cc 1

PES ALIS
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HOLE A 11 CORED INTERVAL
[& FOSSIL g2
§ g CHARACTER § z
Suwl|E| 2|2 2 w822 gl e
e Eg E H E & LITHOLOGIC DESCRIPTION - E§ £ g ; 2= CARaIC. LITHOLOGIC DESCRIPTION
PRI EIR AR &2 45 2IET1S 32
£ |E |3 & E £7I|E |3 H
- § HEIELH :E ! = |8 H g i
LML 3 A HHHE E
= I 1
- i
LIMESTONE MUDSTONE
0.5+
Limestone, light gray (NT), contains sbundant sand-sized Saevion 1: catcarsour mudstons (or silty claystone), me-
lasts of Bluish-gresn gray [S8G 5/1) mudstone, dium tHuish gray (58 5/1) to olive gray (Y 4/1], containg
arins of lurbidites.
Saction 2: distomaceous sty cleystone, olive gray (5Y
SITE 534 HOLE A CORE A471), seattered burrows.
2 FOSSIL r
é g I:IIMI_M‘.‘TEH SMEAR SLIDE SUMMARY {%):
M HE El 2 H 1,45 2,87
oW =
i 5 E|E LITHOLOGIC DESCRIFTION g B e B
Sz~ < o k2 w = ] Texture:
£ e 3 3 Bl ] - z e Sand 2 3
F 18 ] o £ ] — il w20
: : 3 :
& = |& & 1 g = Clay 83 77
Fo k] . | = - Campesition:
— Criarts 3 L]
LIMESTONE - Mics ¥ oie
2 Clay & m
One piece, about 2 cm wide, of very light gray (N7) lime- w T a Glauconite - 1
¥tone with occassionsl darkar clasty, 'g E = Pyrite 1 1
. Carbonate urpac. ] 15
pe Foraminiters 3 1
¢ = 1= Cale. nannafassils w1
534 HOLE A 10 CORED INTERVAL :ml - ?:
] i -
; cnionﬁ;sn "’:m”'rm':::"' F" ?
Ew M E] g E 2 Plant debiris 1 1
EElE g = | E LITHOLOGIC DESCRIFTION
L 2w @
e HEEHBREE ]
AHHEE §
BHEEE é
rd
\..
& INTRACLASTIC CHALK snd PORCELLANITE
t Intraciastic chalk, very light olive gray (BY 7/1} with -2
¢ mm, horizontally orisnted mudstone clasts. Clasts up
a; 1 om below 135 cm; may be several debris flows.
4 Section 2:
2030 em: variegated madium biulsh gray (58 5/1) to dark
alive gray (5Y 311} muddy porcelianite.
3354 cm: olive gray [5Y 4/1) mudstone,
Section 4: bedding and contects dip ~5-10"; Medium
blulh gray (88 6/1) and olive gray (5Y 5/1) mudstone
clasts up to B mm long (rarely up to 2 om). Olve gray
midstone at 75 em,
SMEAR SLIDE SUMMARY [%):
1,80 2,26
o L
Texture:
= Sard 2
> sint 53 30
E Clay 45 70
Compogitian:
Chiartz 1 3
Feldspar - 1
Mics - 1
Cley 0 43
Glauconite - 1
o Carbonate untpec, = 1
Forsminifers 2 1
4 Cale. nannofossity 5 1
-~ Diatosma - %
@ Radiolarlars 118
. Z wicules EI
‘E. L Fith ramaing - 1
= Plant debris 1
S rple Phosphatic grains =0t

PES H1IS



SITE 534 HOLE A CORE 12 CORED INTERVAL  B31.6-841.0m SITE 534 HOLE A CORE 13 CORED INTERVAL  641.0-650.6 m
g FOSSIL g FOSSIL
- g CHARACTE . ; CHARACTER
2 |sul2]2 HE- 3 |zule]z 2 >
L EH é § & s s 8 LITHOLOGIC DESCRIPTION =t 22|kl § é ,E_ -l N 5 LITHOLOGIC DESCRIPTION
N HHHAREE e S HHHAREE 4
£ |z |3]5|3)5 & 5 g | HHE 52
ERHEHEHE E ERHEIHE E aji &
/s
CLAYSTOMNE MUDSTONE and INTRACLASTIC CHALK
Section 1: calcarsous slity claystone, greenish gray (5GY 1 Section 1: siliceous calcareous mudstona, greenish gray
6/1), bioturbated, somewhat (niraclastic; probably com- 1 i~ (5GY B/1), contaims muditons chips ar classi; become o
posed of seversl turbidite pubves. o] x debris flow =70 em, verlable wliceous and calcareous son-
e Tens,
i - Section 2: #ilicecus calcarecua claystone, clive gray (5Y SlLlAl s
Kl 471], somewhat bioturbated, Section 2: debris flow textures and structurel continue
N with variable colors and thalogies — includes intraclsstic
! Sactiors 3 and 4 siliceous calcareous mudstone (as in a ehalks, Hal i chalks,
Section 2] containg numerous small elongate mudstons wittstones, and mudstonas,
e chips, -~
= L] Section 3: debris flow continuous In upper partion. Lawer
s SMEAR SLIDE SUMMARY (%]: 2 - part i marly intrsclastic chalk, greenish gay (BG 8/1)
1 1,120 2,220 3,12 with intraclasts becoming smaller and fewsr down section.
D D D
Z Tewtura: _‘3‘- Saction 4; lower part is masive, light greenish gray [5GY
L Sand Bic = = ® 1 /1) limantone, powibly wrbiditie; imraclatic chalk prob-
Silt % 20 15 Bl E 15 wbly o debiris flow.
Clay 72 B0 E < ~ i
_L * | sean Compasitian: H g. ! SMEAR SLIDE SUMMARY (%):
gl Li | Quartz a3 8 > iy 1,85 1,1132,137 2,142
gle . Mica 1 - 1 il ~ [ M M TEMTS
= § BQY 61 (mudstone Heavy minarals = & 3 — Taxture: w s
clasts up to em 48 L 74 7 -
ik in lengeh) oy 20y i3 " <™ sh 3 W 2 W
] 4 Pyrite 1 13 s Clay @ 70 W W
Carbonate unspec. w w5 Camposition:
Foraminifers 3 1 - {. Cuartz 1 3 4 2
L Cale. nannafossily 16 16 1 Clay 85 58 13 ]
Diatoms L — 5GY &1 Glauconite 1 1 1 1
i' 5GY 6/1 Rackictahing - = Pyrite 2 3 1 1
Spongs spicules 1 ] 3 ramm Carbonate unspec. 15 5 28 3
Fish ramains 1 il 1 s Faraminifars | I 35
Plant debiris I 4 Cale. nannofossily 4 - - -
! Ditoms. 4 15 - B
L Radiolarians 2 w0 -
% Spongt spicules 3 3 n 7
1 Fish ramaine - 1 2 2

peS H1IS
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SITE 534 HOLE A CORE 14 CORED INTERVAL  650.5-660.0 m SITE 634 HOLE A CORE 16 CORED INTERVAL  660.0-869.5m
= FOSSIL ; FOSSIL
o ; CHARACTER » (& CHARACTER
-MEMAE gl 2 = é.. Su 112 gl g GHAPHIC
i E 5 El# e E LITHOLOGIC DESCRIPTION 5 EHE i H e f LITHOLOGIC DESCRIPTION
£l |38 3|3 wl= 3 5 HEE H z) 5 2 ]
|5 £ ; = £ HE 5 i
g |8 E E H g |B 3 & s
— voID —f ~.
-~
", CLAYSTONE - == M CHALK
. g3 o = e
i W8 ﬂ Sections 1, 2, and 3: siliceaus calcareous snd calcareous sill- § ] e . Marly calcarous chalk, gresnish gray (SGY 6/11, seattarsd
1 1 ceous sty claystons, grayish olive [10Y 472) 10 dark = 5 o burraw mottling snd slongate, horizantally orlanted dark
=4 'i greenish gray (SGY 4/1), moderately bioturbated with e E - chasts (up 10 5 mm In length]: may be upper snd (fine talll
E NN ' ‘occassional silty beds. g [ g P of debrls Hlow seen in Cone 17,
at o
i b t} Section 4: <2 SMEAR SLIDE SLUMMARY [%):
=L 52-71 cm: 1and grading into cverlying sity. geavish olive Ralcm| R 1< L%
=oAL 110Y 472} and light olive gray (5Y 5/2), probably ter . o
d1 rigancus turbkdita. Texture:
-'(} L F1=180 cm: marly calcarsous chalk, yellowish gray (5Y Silt BB
E 772 and 5Y 8/1), lightly bioturbsted, peobably twa turbi- Clay ®
2 L dites. Compositson:
= ) ] Cuarte 1
4 ) Clay 40
=l | i i i Pyrite +1
om: calcareous wiicsous silty claystone, olive gray
3Ll {EY 32} 1o greanish gray [5G 8/4) to mediem bluish gray Carbonate unspse. 43
= {58 B/1), modk and ?e. rannafousils :
higtams
N L SMEAR SLIDE SUMMARY (%): Radialarians 3
= 1 |i 1,3 1,50 4,75 4,114 5,110 Spongs spicules 3
” E i M o o TS. M TS Dolomite rhombs 1
5 =N Ly Tuxture:
g 3 FEh-o ) Sanid E - W W W
H Al l sit 40 2%/ 45 D 40
£ Fer L E:: i LR I I SITE 534 HOLE A CORE 16 CORED INTERVAL  669.5-678.5m
position: =
N =0l L i Quarez & 5 1 3 3 § GiEEL
E Wica e = e = "
4 i = 1 - & - 2 |= w
= Hamvy mineraly w|B| 38 2 e
Sl ] Choy 0w 4 4 w0 SE Eg HETE E wo|  phasmc | gs LITHOLOGIC DESCRIPTION
A Glaucanite z 1 - 1 1 w3 [ZNIE|E| 2 g g e Fl
LA Pyrite 4 1 1 2 3 N 3 4 @
4 41 Carbonats unipec. 1210 3 21 48 S |8 g E E !
—vowm h Foraminifers 4 - E I - =
AT ATE Cale, nannafossils 5 0 L] 5 - - .
R Diniares L T S INTRACLASTIC CHALK
ooa |1 Radiclarisns w o3 1 B -
E%E =] i S I; MEE Intraciastic chafk, grewnish gray (5GY B/1). Clasts include
e i Fint debwis E Y o e X 1 fight pinkish gray (SR 8/1) and light biulsh gray {58 7/1)
===ac Detoraits fhombs _ ) T - _ 4 limestone and dark greenish gray [SGY 4/1], bluegreen
OO X T 9 (BBG 51) and nestly black (5G 2/1) silicsous clyymtons.
2R Clams are elongats [1x5 mm] and orismed sub-horizontally,
gz Gaochamistry but soms have up to 30°dip, In Section 2, the density of
= 3 8ls clasts Incresses. toward bass, Core may be fing il (but
T + =|a r getting coorier) of debeis flow seen in Core 17,
= i Iy -
4 I -y § SMEAR SLIDE SUMMARY (%];
= |- - 4 L1 1,80
4 L4 M D
g lee) 2 Taxture:
A Silt ® 10
# Clay s
Compaotizion:
Quartz 2 -
——{— Voie Clay W =
3 = Pyrite 12
& Carbonate unspec. 55 50
Foraminifers - 2
Cale. nannatossils 10 10
Distoms 1 -
Radiolasians - 1
Spongs spicules I
Cateilied raciolarions 10 -
Dolomite rhombs a8 -

pES LIS
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SITE 534 HOLE A CORE 17 CORED INTERVAL  678.5-887.6m SITE 534 HOLE A CORE_ 18 CORED INTERVAL  687.5-696.5m
2 FOSSIL g FOSSIL
3 § CHARACTER @ g- CHARACTER
FM BRI |l 2 e 8 |=.lels z| =
Gw 3 2 w 3 &
?5 :§ 3 g 2 i e 5 LITHOLOGIE DESCRIPTION = 2z|u i z gl E it LITHOLOGIC DESCR IPTION
Z|5R|z|E(% gl g = w3lz8lzl2ls 2ly 2 Fl
§ : : : HRLE T
=7 1E |3 2 H £ | |3 2 = =
al Lt o i HEE i
2 |&]= a 8 @ |2] = - 3
4 voib A = = - vors
R s
A INTRACLASTIC CHALK = INTRACLASTIC CHALK
o a . . . 05 | B
Intraclestic chalk, greenish gray [SGY 6/1). Clasts include — ™m Intraclastic marly chalk, madium light gray (NG); grades
1 A mudstons (23 mm [n length, up to 2 cm) dark grsansh 1 = 1 H R 1o marly chalk, yellowish gray (5Y 8/1), light biulih gray
A gray (5G &/1 and 3/1) and medium biuish-greenith gray ] |68 7/1) and light greenish gray (6G B/1); grades 10 chalk,
1.0 A (BBG 6/1); limastors (3 mm in langeh) light pinkish gray 1.0 — pale olive (10 6/2) and yellowish gray (5Y 7721, Matly
(BYR 9/1) to yellowish gray (5Y 7/2), often deformed, <& : chalk and chalk batieally structureless.
A and angular, undefarmed carban: 1=2 mm in lngth] S =
A shallew water  origin, very light pinkish gray (SYR B/1], s| 8 B SMEAR SLIDE SUMMARY (%)
= E ] L4 172 230
&8 Demsity of clasts and overall grain size Incroase from top to =& . d b B b
A bettom of core. At Section 5, mutrix is & calearsnite and § B = Texturs:
clasts may rasch 2—3 cm in length. In Section & a1 101 g'l';‘* ,}’g -
A 137 cm limestone clast, very light alive gray (5Y 8711, 2 ey r uom
2 Fay containg Mudstone clasts similar to those in chelk matrix. Composition:
A1 137-138 em pysite nodule. In Section 7 and Core: Quarte 7 1 -
& Catcher texture has become & rudite lealcarsous conglom: 8 |en Mica LIS R
A wratel, Heavy mineraly 3
% Clay a2 15 B
Whole cor i 8 fining ugward ssquence, result of 8 massive Pyrite ] 1
A dubiris flow. Zoolite 2 B =
A Carbonate unipec. * -] T
NOTE: Section 7 is 35 cm in length, Foraminifers 1 2 2
Alrs Cale. nannetosii 5 1w 13
3 A Radialasiane 3 1
fa Sporge spiculn - 1 1
Fizh remains 1 - o
Fiy Plant debriz 1 = =
% A Dalomite rhamb 1 - -
= a
£ &
2
Fa
Fay
4
e
r'ay
&
Fay
Fa
&
&
5 fa
A
&
&
Fay
A
Fa
sl
o A
-] O
= TE
z ] A
] Ty a
§ e &
= CC o ity
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SITE 534  HOLE A CORE 19 CORED INTERVAL  696.5-70556m SITE 534 HOLE A CORE 20 CORED INTERVAL  70656-7145m
g FOSSIL L FOSSIL
" 5 CHARACTER « |= CHARACTER
=3
ENEMEE zl e M OEE zl 2
Ew (oY 212 S|l = GRAPHIC £ |28 zl= S| = GRAPHIC
| E Eé E § £ -] LITHOLOGY LITHOLOGIC DESCRIFTION ‘§ .,.§ 4 E g 5 ] LITHOLOGY . " LITHOLOGIC DESCRIPTION
L HHHHEEE ; HHEHERE £ T
3 2 8 == !
‘E E z|e g [ § = g 3
4L
CLAYSTONE and CALCAREOUS CHALK L L SILICEOUS and ZEOLITIC CLAYSTONE
L
CLAYSTONE: gravish green (5G 5/2) 1o paie green (106 I Vericolored claystone, moderate olive brown (B 4/4),
1 6/2) to pink (10 7/4} 1o pale yellowith green (10G 7/2) * dusky yellowish gresn (BGY 5/2), olve (10 5/2), very
10 grayssh olive green [5GY 3/2) to yellowish gray (5GY § pale orange (10YR B/2), medium gray (NG}, very paie
Ha. aranga (10YR 8/2) snd Imermediate colors. Mostly well
A laminated, motthed, and burrowed in part, snd reduction
CALCAREOUS CHALK: pale graen (106G B2} Mosily 4 pot.
porallel Isminated. often speckled. Small white flecks,
varlcolored. In Section 1, 7788 cm graded, probably L . Shipboerd XAD:
turbidite, in Section 2, 3048 em graced, Bouma sequencs, Saction 1, 135 cm: quartz, clinoptilolite, smectite, mixed
turbiditic, siso 8578 cm and in Section 3, 4656 cm, L layer clay {majar); and caleite (minar).
z orided, erasdamingtad, peohable cirbidits. E L 4 Section 2, 114 cm: ciinoptitolite, wmectite, mixed layer
E E 2 Smaar Slides: variable terrigenous biogenic silice content. g % p clay (major|; quarts, feldiper, snd caleite (minor]
= i SMEAR SLIDE SUMMARY (%):
s § Thin Sectiors: Section 1, 97 em is a zwolitic quartz-rich E] ‘, 3 1,73 214 2.80 2,133
5 silt with & mary matrix. Section 2, 48 cm s a glauconitic | = 1 M D W D D
] wquartz-rich pelmicrite or wackestone: blogenic component n . Taxture:
mierita and shell fragments, Sand 60 70 20 B 78
ci @ 3 80 ] 2%
SMEAR SLIDE SUMMARY [%): 1 wawum
1,122,708 3,89 1 Quartz LI R 2 2
3 o o o Feldimar o = =
Texture: 3 ) Mica 5 o o
Send 0 & - 1 Heavy mirerals = RPN =
. Lo po b Ap Clay 8 2 W @ B!
Gy, . Glaveonite a & - - 1
Campasition: Pyrite 1 - - o e
:-m ‘: : -E Zeolite % a0 T4 (=]
el i e Carbionste unpee. 2 - 8B 3 2
= Cale. nannofossits 0o - 5 - -
Huawy minaraks 1 1 1 Hodlobisass 5 - 5 = 2
Clay. 15 3 50 Other 3 _ 4 2
Glauconits 7 1 -
Pyrite TR0 2 _ -
Zecite 57 2 15 NOTE: Core 21, T14.5-T235 m: no recovery.
Carbanate unspec. 45 1
Faraminifars - 1 - SITE 534  HOLE A CORE 22 COREDINTERVAL  7235-7326m
Cale. nannofousils - B L} Ty FossT
D = £ B z CHARACTER
Radiotarians - - & § g 5 -
Spange spicules - - 5 SwlE|2 Z &
Fish remaing 1 1 - ‘f‘g E5lE g 5 g me’égv LITHOLOGIC DESCRIPTION
Dt - - 1 HiE
: SEAHHHHEGE +1H
= =
R HEHE i
— ==
ZEOLITIC CLAYSTONE and SILTSTONE
A single ploce of mealitic claystons and siltstona: yeliowish
gy (5 6.5/2) and medmm olive gray (5 4/2).
Smear Slides contirm quartz-rich terrigenous and eolitic
matrix. An Imgregnated Thin Section is & fine quartz dir,
with zeclite, ghsuconite and sbundant clay, Small volume
of Fe-oxide(?) gosthite,
SMEAR SLIDE SUMMARY [%):
CC.1 ©C,8 CC. 0
o L] o
Texture:
Sil B0 10 -3
Clay 40 80 55
Camposition:
Ouartz E 20 “
Heavy minerals 1 1 3
Clay a1 64 56
Glaucenits 2 3 3
Zeolite L] 15 4
Carbonate umspes. o= =
Othar 1 -

PES ALIS
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SITE 534 HOLE A CORE 23 CORED INTERVA 7325-1415m
2 FOSSIL
« | CHARACTER
-REMBBE Zl e
‘I‘g gé E g © E Lf;g:gg, LITHOLOGIC DESCRIPTION
F7|E HEHBEE
F |3 HEH
& HEH
— VoiD
Fm| A Rﬁ %‘5\ by
g CLAYSTONE and PORCELLANITE
§ One piece of porcellanite 5 cm in digmater, dark yellowish
E brown {10YR 4/4) with & vitreous conchoidal Iracturm,
= patches of incomplets silicification,

Rest of Core-Cotcher i claysione, gravish ofive (10 4/4)
with whits (@), reddish brown (2EYR 4/4), and dark
reddish brown (25YR 3/4) laminse, Claystone is burroved
throughout,

Thin Section of Core-Catchar i a chortitied marly foram-
inifar chalk. Bicclasts of sponge spicules, and micritic
bsmps; terrigenous clay, cement Is chert and caleite. Minar
dolomite crystal, organic matter, and pyrite present,
Mozt of the sscrion b silicifisd. Unaffected patches con-
tain well presorved plankronic doraminifors. Texiure s
gasti redapesition elthar by traction of turbidity currents.

SMEAR SLIDE SUMMARY (%}:

CC,23CC, M4 CC

D L] T5. 0
Teature:
Sand
Sitt
Clay
Compasition:
Ousartz
Faldspar

&8s

60
40

]
1

Tl vofcwwl 8w
a8 e

(e 3

Radiolarian

Spange spicules - =
Fish remaim = =
Plant dabiris = -
Other = -

Bommulun! ual!

SITE 534 HOLE a CORE 24 CORED INTERVAL  741.5-750.5m
g FOSSIL
” ; CHARACTER
L ENOE z| @
L EH g g2l = GRAPHIC
E gg £ g 2 £l & | urroosy LITHOLOGIC DESCRIPTION
L3153 5[ 3 HEE =
] 5 al|%
& i ; 2|3
CLAYSTONE
05— §
Varieolored claystone with twa-thirds of moderste meddish
1 brows (10R 5/4); one-third greenish groy (5GY 8/1).
Maostly wall Isminated, o banded on side of 0.5-2.0 om;
1.0 tocal microcross-lemination end burrows, and convolute
lamination.
B Smaar Slide: note prassnce of well praserved radialsris
N] ond zeclite 7 clinoptilolite). Ao note Section 4, 26 cm
£ contains sbundant phosphata particles and rare crystah
Bl = af hyparthens. Note siso that Core-Caicher containg
2 ™y sbundent zeolite, dewitritied wolcanic glass, siso small
b 2 amounts of iron-axide, spatite, sphave, chiorite, and sk
= E write,
=
-E I SMEAR SLIDE SUMMARY (%)
1,16 2,23 2,28 4,28 CC
o o o =]
Tanture:
Sik 10 15 15 1% 50
Clay 90 @85 8 85 50
Compoaition:
Rp Chuartr 5 3 8 7 5
3 Faldipar - 1 1 - -
Miss 3 - 2 1 -
Heavy minarals 1 - - 1 2
Clay 67 76 786 718 48
Walcanic glaw - - - -] 17
Glauconite 1 - - - -
g Pyritn - - - - 2
Zeclitg 20 i} 20 w2
Ry + Fish ramains 1 1 1 - =
i Plant debris 1 - 1 1 -
1 - .
4 L Other 1 48
L
L
L
L
Rm CC|
SITE 534 HOLE A CORE 25 CORED INTERVAL 750.5-758.5 m
FOSSIL
v CHARACTER
M EMAEE L
- | e GRAPHIC
1 E HE £| B | Limiotoay LITHOLOGIC DESCRIPTION
w3 |gn|Z < 2y &
= |E |5 8|2 C
F HEEE 2
HEIE L 3
E o
L \ CLAYSTONE
5 s
£ _ b The upper part af the core is two-thirds moderats raddish
E|E 1 £ brown (10R 6/8) andt onethind pale olive (10Y 672) by
% N voluma. Section 1 becomes prograssivaly darker down-
é s wardls to olive gray (5 372}, showing parallel laminations
>|8 > In Section 1, 80 snd 80 am rare small burrows e presant,
5|° e . mastly moderate yeliow (BY 7/8). Much of the eor
4 strongly compeessad by drilling. The Core-Catcher i par-
R cc Y ticularly highly detormed, mostly olive gray,

SMEAR SLIDE SUMMARY (%]:
1,134
o

Teature:

Sile 15

Clay B85

Campasition:

Cusrtz

Haavy minerals

Clay

Volcanic glam
Glaucanite
Migronadules
Zeolite

Plant debris
Orther

mnBecafoe

$€S 41IS
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ﬁ 534 HOLE A CORE 28  CORED INTERVAL  769.5-764.5m SITE 534 HOLE A CORE 27 CORED INTERVAL  764.5-774.0m
g FOSSIL 2 F
i ; CHARACTER & §
8 |=,[2]2 ] 8 =, =
tc |22 E ] § 2 g et LITHOLOGIC DESCRIPTION £e |22 £ E- LA LITHOLOGIC DESCRIPTION
wa iRz S w -4 ] w3 |IN !
= |E |5 9 ; Wl = E |E i
= |5 i E ; ]
= § 2|a En @
5 > w2
5| 7 CLAYSTONE - SILTY CLAYSTONE and
E p I~ N2-3 CARBONACEOUS CLAYSTONE
s S Section 1, D87 om Is a drilling breccla composed of clay- B
= & |rm = stone frogmants, the pisces get larger dawnwards, A chip Fem cm 1 1 sB4n Sitty claystons is blulsh gray (5B 5/1), dark bluish gray
£ -~ - of white poreallarite s present ot 43 cm. 1 w3 (58 471) changing downward to dark gresnhh gray
2 - L 5B 4N (5GY 4/1). Wavy bedding ssocisted with or withouy
CLAYSTONE: grayish olive (10Y 4/2) to clive gray (5Y curtent ripples and leser bedding sre observed theough.
3/2) is present from B6—-86 em in Section 1. A few thin N2 out. Section 3 Is horrifyingly disturhed by drilling, Silty
bands Jess then 1 cm thick are composed of fight olive clay layors are also charscterized by burrows observed st
Bbeawn (BY 5/B) and grayiih red (5A 4/2) claymone. A fow - [~ 507 41 Section 1, 18, 48, and B2 em.
buirrows are present, ZIW F*= W
= ¥ L :"" Carbonacecws claystone | grayish blsck (N2) 1o dark
The Core-Catcher ls composed of grayish red claystone ] % ? [~ gray (N3} finaly leminated. Mo burrows and only & few
(10R 4/2), mottied to light olive gray {BY 6/1) 10 blackish £ g |Fm] Fm| 3 x|y pyrite modules are nated,
redl (5A 2/2). Again moderstaly burrawed with traces of E| i
paralle! lamination. g 3 ~|u sGY 41 SMEAR SLIDE SUMMARY (%):
= i '; W LB 1,40
SMEAR SLIDE SUMMARY {%): g '} - ]
1,00 £C,12 “ P Toxture:
D D ~l=l Em St -
Temture: Xl Clay 80 70
Silt 1B 10 x| E ifv o Composition:
Clay B85 80 X ﬁ B Cuartz/Feldspar L] 20
Compasition: X Mics 4 5
Quartz 9 4 Rp el I X i) Heavy minerals -
Feldspar 2 - 2| L 7o
Mica 1 1 X1 B Glsuconite = 1
Heavy minerals 1 = x| ¥| | 2erat Pyrite R
Clay 53 & x| T Zeolite 1 1
Volcanie glass = n Fish remains 1 -
Glauconite 13 1 Fm| B cC) *IW i Plant debris 4 1
Pyrite B 4
Zuen il SITE 634 HOLE A CORE 28 CORED INTERVAL _ 774.0-783.5m
ih remsirs = 1
g FOSSIL
§ £ CHARACTER
EMEIELE E|l 2
“I‘"i' gé g g 2 g £l & Lf'mgl_"o'gv LITHOLDGIC DESCRIFTION
w3 21513 3 g
ETE |2 ; 2 og &)=
= =
AHHH: i EH
= N
Rn Lla|*
Llw SILTY CLAYSTONE, CLAYSTONE, anef
| % CARBONACEOUS CLAYSTONE
X - | BGY4&N
1 - 1 Sitty claystane and claystone are dark greenish gray (5GY
ol ] 4/1) to olive black {5Y 2/1) snd contain falr amaunt of
) fuee] = sy am plant debris. Waey laminoe a1 17, 18, 28, and 82 cm
Section 1, and 45 cm in Section 2.
_ Bran White colored laminse comisted of dominantly quore
a == [— N1 and feidspar at 85 and 125 cm in Section 2 andd a1 32 cm
H E |Rp ‘; E i Section 3,
E 3 > 5GY 4/1 Carbonoceous claystone is black (N1) with finely divded
£ : 2 | ~ s fissiles.
my . v
“ 2 > [Csaan SILTSTONE
s |us ™
- =i LIE L= 8Y 12 Ounrie andd feldipar are dominem. Grading is not dis
t =l " cernible tut laminas are present.
Pp = | EGY4N
1= = N1 SMEAR SLIDE SUMMARY (%):
3 iy 5GY 4N 1.17 1,88 3.9
| Fosaven o o o
Hp| = 5GY 21 Texture:
Sk 286 0 15
Clay ] 70 B
Compasition:
Quartz/Feldspar 1% 0 w0
Mics 3 2 3
Heavy minerals 1 a 1
Clry noe 7
Voleanic glass - - 2
Glauconite 1 1 -
Pyrim - 1 1
Zeolite 2 L 1
Carbonate unspec. 3 2 -
Calc. nannafossily - 1 -
Fish remainy 1 ] !
Plant debeis a1 4

vES ALIS
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SITE 534 HOLE A CORE 29 CORED INTERVAL  7835-793.0m SITE 534 HOLE A CORE 30 COREDINTERVAL  793.0-8026m
Q. FOSSIL M FOSSIL
§ ; CHARACTER L g CHARACTER
e lels g Z| @ e 2 MR z| =
= 122 15| & o) = GRAPHIC B2 FHAEIR ol =
'z :5 £ HHE Bl E LITHOLOGY = LITHOLOGIC DESCRIPTION e ,¢.§ %' E : 5 £l e LITHOLOGIC DESCRIPTION
¥E§§§= g 2 S EHEEEREE z
|8 g |92 H R HE ]
ERHEEHE ot b & & [E[F]|2|5
T . = - =N
i e CARBONACEOUS r.‘.:..n‘u‘viTEﬂNE nd SILTY § 1 sav e SILTY CLAYSTONE and CARBONACEOUS
0 m | GLAYSIO . g £le - as 4 CLAYSTONE
Fm 1 X ‘:’ CARBONACEQUS CLAYSTONE it black (N1), grayish > % SILTY CLAYSTONE is dark greenish geay (SGY 4/1)
1= 5GY 4/1 Black (N2) 1o dark gray (N3], Gray stringer at 30 em in o Lnthoular laminas s0d wary famines ‘domiente in his
- — N1 Section B containg quertz of sorted silt size. Wavy stringers L
; e at 19 and 24 em in Section 3.
¥ SGY 4/1 2
- SILTY CLAYSTONE i dwk gresnith gray [BGY 471) Smear slide olservation shows concentration of guarts
1B B 1o greanish black (SGY 2/1). Wavy lamirss ars in Section 1 indicating some bottam currants, Othar minarals are amphs
T a1 82 snd 71 em, in Section 2 at 80 cm and in Section 4 bole of metamorphic origin, beawn and green mica, and
i N1 mapand Vb on microchine. A pyritized distom o observed,
4L = )
L SMEAR SLIDE SUMMARY (%): SMEAR 5LIDE SUMMARY {%):
E Ll I T 112 2,78 4120520 1.6 152
A fm o D o o s} o
T Texture: Texture:
5 N1 Sand - - T ;unu 20 ;
Siit 20 0 20 80 it
Seochy X — Clay B0 0 73 0 Clay 0 65
a T x|¥ - BGY 4N Compasition; Composition
8| & w N2 Cuarte/Fakispar 7 13 1B & Cuarte/ Faldipar 5 0
E L Mica 5 6 &5 2 Mica e
3 Haavy minerals 1 1 i Hewry minarais 1 3
=1 3 a Clay 7o 13w Clay 0 6
2 — Valcanic glas 8 = = e Glsuconite - E
“ Glausconite - 1 - 1 Pyrits 1 3
Pyrits. 1 2 - 3 Zeolite - 2
Carbonate unspec. - - - ¥ Carbonate unspec. 1 ]
Fish remalrs. 1 1 1 - Fiah rernaing 1 -
Plant debri B 3 3 2 Plant dobris a 2
I B Cther 3 3
b sGv 2N
8 X|l= il SITE 6534 HOLE A CORE 31 CORED INTERVAL  8025-8120m
M g FOSSIL
* ! § CHARACTER
¥ = Ceavan EMOER a
% %; Eg HEE g ] Py Liioctil 2 LITHOLOGIC DESCRIFTION
= N w| < 1] -
% £ |E ; § L a 4l = -
S
: x[F]+| AHHHE |
B8
< L 6G 21
= N1 SILTY CLAYSTOME and CARBONACEOUS
Ap i ™ CLA’
BG 21
= SILTY CLAYSTONE b bleck (N1) o greenssh black
. LAl {6G 2/1] with laminas and stringar of greenish gray (EGY
= 6/1), some ot which may be due to bicturbation.
Am| B 5G 21
CcC CARBONACEQUS CLAYSTONE & bisck (N1), fissiie,
and tends to break on very thin laminse of greenish gray,
Pyrita nodula Is present at 10 cm in Core-Catcher,
SMEAR SLIDE SUMMARY (%):
1684 1,62
o o
Texture:
Sirt o 1
Clay 70 90
Campasitian:
Duarte/Feldspar % 5
Mica 2 2
Heavy minarals 1 -
Clay [ bl
Glauconite 1 TH
Pyrite 2 2
Zeolite - 1
Carbonate unipec. 1 -
Calc. nannofossiis 1 -
Figh remaing = 2
Plant debria 3w

PES A1IS
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. 5m . m
SITE 534 HOLE A CORE 32 CORED INTERVAL  812.0-B216 SITE 534 HOLE A CORE 34 CORED INTERVAL 831.0-840.5
2 FOSSIL g2 FOSSIL
» 3 CHARACTER i E CHARACTER
-MEMHBE H E e (sufe[2]2] 4] (3|2
T 4 - o) = GRAPHIC TEHHE [ 2| & GRAPHIC
TE|EE|E E g £l E | dmHoloey B LITHOLOGIC DESCRIPTION 5 EE[Z HE R LITHOLOGIC DESCRIPTION
w3 |ENZ i3 ol ¥ 3 g3z | 3 g%
= - D |8 = - § 2 P
F HHEL ES CRHEHE
i i 5 5 = = |6&
g TF
Zlu| B na
Lih 5GY 31 SILTY CLAYSTONE and CARBONACEOUS [ saven CARBONACECUS CLAYSTONE and
H + BGY 41 CLAYSTONE L = N3 SILTY CLAYSTONE
= L
= 5GY 4/1 :
2| 5 Co ! & [~ sevan SILTY CLAYSTONE is greanish black [SGY 2/1), dark ! ] CARBONACEDUS CLAYSTOME s grayish black (N2).
= = L L1 i Diaeric gray (N3} and greenish black (BGY 2/1). No burrows
- greanish gray (SGY 371, and gresnish gray (5GY 4/1) BGY 211 ;
; ; Silty siringar, wavy lamings and burrows sre prewent - ore obierved. Silty lemines are present in places. Pyrite
E -+ 5GY 2/1 * concentration st 12 om in Section 2.
L '—‘ CARBONACEDUS CLAYSTONE is greenish black (5GY Am
5| u 211 to black (N1) with occasional very thin laminse of - SILTY CLAYSTONE Is gresnish gray (5GY 6/1), dark
BB ¥ WY greenish gray (BGY 6/1), 5 = Nz greanish gray (SGY 4/1) and greanish black (BGY 2/1).
e — Tiry burrows are observed st 37 em in Section 1, Wawy
< |22 = | BGY 41 and fmer laminae developes frequently especially at 70
i i é sy an &m in Section 1 and at 25 em in Section, which are deter.
- = N2 mined 1o be caltilutite.
L 507 41
SITE 534 HOLE A CORE 33 COREDINTERVAL 821.5-831.0m R 2 = k=
) FOSSIL & v = [ _sGY4N Marly chalk occirs in two layers at 132 and 180 om in
v IIE CHARACTER : = 8G 21 Sactian 2, and aro of turbidits origin.
2 -
EREMAHEERE I-A* T saY an SMEAR SLIDE SUMMARY (%):
V2 55 £1812 g |5 LITHOLOGIC DESCRIPTION ey ,.;;\M 1,34 1,50 289
ga EN g i ; 3 i A 3 - _TEGEH . o o D
R L -
2 Fm| B oe BY 21 Sitt a5 66
-] § = E -““"'-.._\vmc Clay E -
Nz Composition:
Cuartz 4 15 60
e SILTY CLAYSTONE and CARBONACEOUS Fakspir ik 2 a4
5GY CLAYSTONE Mica. 78 4
& Heavy minerals - 1 1
= 1 i SILTY CLAYSTONE it grayith hlack [N2), cark geay (N3) Clay -
«| 3 c = to dark gresnish gray (GY 4/1). Moderately 1o highly Glauconite - - 1
§ E :;-3 burrowsd sspecially at 33 and 70 em, Byrics 2w
i Carbonate urspec, ¥ e =
E i 5GY 4/1 CARBONACEOUS CLAYSTOME i grayish black (N2 Plant debris 3 3 2
M with tiny stringers and fian lsminas, Othee s e I8
= “
Ap| 8 cc BGY 411
i @ SMEAR SLIDE SUMMARY [%):
121 142
o :]
Texura:
S 15 F
Clay BB 6
Compasition:
Cuarte/Faldspar T
Mica 3 ]
Hemvy mineraly 1 1
B3 T4
Glauconite - 1
Pyrite 1 2
Carbanats unipec. 2 ]
Plant debris 2 1
Other P

vES LIS
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SITE 534  HOLE A — CORE 35 CORED INTERVAL  B40.5-850.0 m SITE 534 HOLE A CORE 37 CORED INTERVAL 569.5-869.0 m
2 FOSSIL ] 2 0551
- g CHARACTER e ; CHARACTER
g |=.l2lal2 z| w 8 |z.lelaTel o 12| 2
S| = by w =
L EZ = = E =R GRAMAC % LITHOLOGIC DESCRIPTION ar |22 u <| B 2 E GRAPHIC LITHOLOGIC DESCRIFTION
12|E8|5(8|2] 3 |5|E | vmowoaey e 12 (EG(E( |25 |55 | wmocay
R HHEEREE FHE e N HEIE I R EE +EE
F |5 =§£§ ] i ;33555 5“5
SEHHEE Ba EHHEHE Ea
E oo 5 Py . =11,
11= 5621 +11 sav AR GARBONACEOUS CLAYSTONE and
L]y P CARBONACEOUS CLAYSTONE and iy SILTY CLAYSTONE
0. iA . ¥ SILTY CLAYSTONE L= N CARBONACEQUS CLAYSTONE n graysh black (N2),
. o ‘i;” CARBONACEOUS GLAYSTONE s - . i Kl BGY 4/1 gresnish black (EGY 201, 5G 2/1] with fine lamins
1 | - greenish i = — Stringers with wavy and fleser laminae appesr 1o concen-
=T — 56 81 {BG 21, SGY 2/1) and grayish black (N2]. Vary fine TE Ll B B Irath in carbonaceoul CleyStonss TMhEr than Wity cliy
1 1|=| [soeran fsmina and stringars are frequant throughout, e SR
c Tl s e | G 41 LIE 5GY 211
i T [ sGY 2 SILTY CLAYSTONE & greenish blsck (5GY 21, dark 3 3L - SILTY CLAYSTOME Is graenish gray (5GY 4/1) with
e e R I greanish gray (BGY 4/11) and greerish gray (5GY 61, e P busrrovs s hein i s,
+ 5GY 41 56 8/1), madarately burrawed. Li=l [ sgvan
i B _EGY 61 L Maily chalk and indurated chali is greenith gray (5G 8/1)
£l Indursted chalks or marly chalks are found 0—8 and 45— Ll 5GY 4N up o 17 om thickness, based by srosional contact. Bouma
§|_- ‘ 1l=| I savan %0 em in Section 1 and 4—0 and 81-83 om in Section 3 8 1l=| [ scma sequences B—E(7) observed,
& |28 2 L = wrel are deposlted by calciturbidite. = N2
2 |=e 1lL | SGY 41 2 j: I savan Thin Section ot Section 3, B2-84 cm shows colltic texturs
= 4 SGY 211 SMEAR SLIDE SUMMARY (%): e | K -
k| 1].| L sevan 1B 1,48 2,135 3,81 2 n Lo L SMEAR SLIDE SUMMARY [%):
E'|=* Ll | sGY2n o [+] o ] =z . 1,140 3,55 383 & 128 3,63
3 i : o sevan Taxtura: M t BGY 41 B, D B M D TEM
I 5GY &1 Silt 3 20 1B W - . L 5GY 2/ exture:
¢ ila S ciry 0 80 B 80 £ g 1= BN Sand = = = =
1 SGY 4/ » E n St 2% W S0 15 D
[ saan Comyaslian: 1S ! N2 Clay % 8 5 B5 15
L |- Seven Quartz - 5 5 - t + = Composition:
Ll ™ saan Mica - a 1 @ L Cusrtz '
3l 15 Husvy minerals - 2 2 - 3 J.i | saen Faldsoir B 1 3 8 10
Re *+ N e Il Clay @ 3| B 45 c 4 TS sev an Mica 5 1 - 2
3 i | Ev,,ﬂ,..‘, = = : . : i N2 Heavy minerals - = L I
a rite - - = Clay 70 13 w 72 8
] BGY 41 Zeolite - - 3 - sl Glauconite = ey e 1
] Carbonate Lnspec. 50 40 4 45 Pyrite - Frome 3 -
Rp | 1+ Calc. nannofosils 110 5 1l L Carbonate unspec. 1 s0 W 2 3®
Plant debris 1 3 2 4 - = E‘éf il Faraminiters - = - - 10
fin| B ' B Cale. nannatossils 1 2w a -
Bl sovan Fish remmais i = = 1
4 - = ?a? Plant debris 3 2 1 10 1
| 5GY 411 Oither - 1’ % - =n
= 5681
L NZ
5GY 411
i SGY 21
534 HOLE a CORE 36 CORED INTERVAL  850.0-859.5m
g FOSSIL
™ i CHARACTER
g2 |2 =19 o 12| 2
culE| =2 &
ec|Ezle 2 é § gle Lﬁmﬁ"r&gv z LITHOLOGIC DESCRIPTION
N HHEEREE g
& B i
<]
s |8 E 8
J4 V. | seran
1l=| F&smn
I 50Y 41 CARBOMACEOUS CLAYSTONE and
Il s SILTY CLAYSTONE
£l 8 = .| E=saan
-] B 1 o] o CARBONACEOUS CLAYSTONE is brownich bisck (BYR
f “1il*T savan 2/1), olive black (Y 2/1) and greenish black {5G 2/1]
3 SR Y B = E =| 5621 Very fine laminated with stringars in places.
E| v 1A Eav.el
Ilal E By SILTY CLAYSTONE it dark greenish geay [BGY 4/1)
; i l i with numercus burrows and a few stringers,
T - svan
s 1 BY 4/ Marly chalk and limestone is greenish gray 15G 6/1, 5GY
L d B/1) ond light olive gray [5Y B/1). Some show normsl
R L 5 EYR 21 grading.
2 g —
% SGY 41 SMEAR SLIDE SUMMARY {%):
i3 5 — 1,14 1,138 2,64
o i T I
B L Taxture:
2 | seYan sitt 0 % W7
; é = b= BGYaN Clay 70 10 n
:3 } - = svan Composition: 5 "
3 B - Quartz L }
E % w| [ seven o IR
z i =| [evan Mica 8 2z 2
| w F 3 o Heavy minerals 1T - -
A 7t [ EGY 4/1 iy @ 17 &
i 1|~ = BOY & Pyrite - - 1
4 | — svzin Carbonets unspec, F ] 2
i 7 YA Plant debris 3 L ']
— svan
Am| B CC| ki BGY 41
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SITE 634 HOLE A CORE 38 CORED INTERVAL  868.0-878.0m SITE 534 . HOLE A CORE 39 CORED INTERVAL  B78.0-887.0m
& SSIL g FOSSIL
o g CHARACTER § g CHARACTER
& |l=z,l2]2 z|la . el= z|lez
HEHEE g g 21 & GRAFHIC LITHOLOGIC DESCRIFTION e Qg u § B I GRAPHIC = LITHOLOGIC DESCRIPTION
12 |ES| £ 8|z 5 ElE LITHOLOGY 15 |23|E HE 5l B LITHOLOGY &
w3 |ENIE 3 o] 2 3 g FE I H 3 8
ETIE |38z |® C €715 2 2.8 %= E
F ie 4 g gg = ; B £l gg & 5
R HEHEE £ 2 R HE 13
i@ |_5Gan f I
L = w‘-" CARBONACEOUS CLAYSTONE snd x4 CARBONACEOUS CLAYSTONE and
i L SILTY CLAYSTONE x|y Sy a1 SILTY CLAYSTONE
X
¥ 2 -
1 -4.1 ) CARBOMACEOUS CLAYSTONE & black [N1), grayish F 1 - CARBOMNACEQUS CLAYSTONE w black [N1), graysh
C | N2 tlock (N21, and alive black (BY 2/1), laminated bart s mars - black IN2] and olive black [5Y 2/1). Although sifty nring
L [ BGY 2/ homogeneoun in the lower sections. Pyrite cancentration 1.0+ oceurs in piaces, carbonacesus elaystones are ouite thick.
L o 5Gan at 2040 om In Section 3. Quartions sringars b than 4 wvoio Pyrite cancentration in Secticns 3 snd 5.
T=le millimeters aro examined by Smest Stides {Section 1 =5
Ui 137 em ard Section 2, 57 am, | - SILTY CLAYSTONE & olive black [SY 2/1), dark greenish
g+ = By an [~ baan wray (5G 4/1, BGY 4/1) and greanish black [5GY 2/1), and
L Ni SILTY CLAYSTONE is greanish black (5GY 2/1) and dark syan burrows ooeur frequently,
4 - greenith gray (SG 471, BGY 4/1) with burrows |n places. - iﬁ an
B lrm L o FoVan ~ N Quartzrich calciturbidita, 32 em thick occurs between
N2 5G 4/1
4 = Marty chalk is olive gray [5Y 4/1) with dissarted current = 140 cm of Section 2 and 22 om of Section 3. Climbing
2 L - ﬁ* i lamings observed st 10 cm in Section 1 and B0 and 100 em 2 ripples are observed in visusl and Thin Saction ohearvations,
o L = in Section 3. Nt
SMEAR SLIDE SUMMARY [%):
4L L]
iy . i SMEAR SLIDE SUMMARY (%): 2,145 4,135 4,142 6,54 6. 62 3,18
1 “ 1,122 1,137 2,67 2,128 2,137 3. &5 - o 5] 5] (+] it
1 " o M LU Texture:
£ 1 Taxture: Sand E0 2 1 2 5
3 ST 1| even M 6 95 &0 20 ® 2 5 St 4 10 B 1@ 15 &0
< 3y Clay B 65 2 W 5 W0 ] Clay 5 0 85 83 B
o |== = sy 4/  Compaaltion: 1| [ Compasition:
339 |™ 3 L7 " Esean o g ™M @ 5 & 3 sl8 3 N Qe 5 8§ 5 5 4 B
E 5 L N2 Feldspar w8 - 10 h-] E Feittipar 5 - 1 i S o=
i i L E B M 1 a5 s 5 - £ L Mica w 2 2 3 T -
L I Heavy minaraly 1 1 3 = 3 1 =% Heavy mineraly 2 1 1 1 - -
®ldy e Clay % 6 B8 7 & & il a N1 Clay 3 7 70 66 74 X
N 56Y 211 Glauconite - 1 - 1 = = Geo-  Pyritn T3 4 2 2 -
§ Pyrite 3 1 2z 3 2 cHemittrY  Cartanate unspec S
Carbonate unspec. 1 2 - - 5 1 | ! 9,1, 4y Fishremaing - 1 H 1 1 -
L |_ Cale. nannafossits 1 = = = = W - wa Planit debich 4 12 18 12 B’ -
L Nl Fish remainy - - L = Other - - - - - mw
— Plant debeis o 3 4 2 3 3 A | sgy 2
4 2y | savan 4 N2
. = n2 3,38 -
de 5GY 4/1 TS [
r Composition:
4 = "
. bl 5 Bvan
" Lo Mics 10
- Clay L1
Fla] F38Y47 cabonate umspoc. 10 M
o |- N2 Plant detsrls 15
5
A Q -
8 BGY 411 5G 411
5 I~ Nz
a —
N
A B 2
[ 5GY a1
RAm| 8 |Rg Ec 5y 2N
SITE 534 HOLE A CORE B87.0-896.0 m
2 FOSSIL
é § CHARACTER
(3 ] 3 ! = “
S E R E ol & GRAPHIC
h,lg £5|E g g E E LITHOLOGY 3 < & LITHOLOGIC DESCRIFTION
£ E 13|22 g a E o
B -l
-] = e
8 I8 g HE E 5 §
O (el = =pdi
CLAYSTOMNE
Graylh green (5G 5/2) fissile-bearing claystone arm domi
nant in the upper & om, intercalated by pale yellowish
green (10GY 7/2) homogenecus dity claystone. The silty
cleysone s very silty and composed mainly of quartz,
feldapar, and mica, suggessing slity layens In the varisgated
claystane member,
Lower part is 8 4 em thick dusky green (5G 22] claystone
with very pale green laminss of less than 1 mm and a thin
flake of dark gray (N3] claysione.
From colors and intecbodded silt layer, this core belongs
%a the variegated member,

PES HLIS



(] SITE 634 HOLE A CORE 41 CORED INTERVAL  896.0-805.0m
wn ] L
=] 5 g CHARACTER
g |leule]s z|l @ -
£ |8 - ! g 2 GRAPHIC 3
,g '&‘% E B8] % £ E LITHOLOGY . 8 LITHOLOGIC DESCAIPTION
A AHHHE HEH
R E & TEH
17 -
]
= V4 10/ 4/2 VARIEGATED CLAYSTONE
Fm| ~ * = e
7 10R 412 The claystons color varies from dark reddish brovn (5YR
1 = ovan 32, 34, 212), very dark brown (10YR 2/2), derkc groylsh
7 YR 32 brown {4/2), grayish red (10R 472), gresnish olive (10Y
5 N 872), greenish olive green [5GY 372), brownish gray (5G
- L10R 472 5/2), greenish gray (5G B/1), dark olive gray (5Y 32),
7. Feaan 5TM3? dark gray (5 4/1), dark gray (5YR 411, brewnish black
= — (BYR 2/1] to gravish black (N2).
i ™ seyam Numerous sltstenes are obiarved with the one at 75 em in
L - scen Section I, being B em thick and compoted of gquartz
J.L matte of with lews than 10% carbonate.
2 L =|_ wonan . .
L [~ sasm One carbonaceows claysiane occurs at B0 cm in Section B
1 U syran with 6% plant debiris.
n -
L | sevaz SMEAR SLIDE SUMMARY (%)
L BG 2 1,23 1,44 2,75 4,100 5110 6,81
- — Taxturs: D 1] o o
L 10R 4/2 Sand = = 15 - - -
i = 10YR 272 St 0 2 B0 B 0 10
Ry 10YR 472 Clay 8 70 % BE 80 %0
S 1 [ 1oy 4 Comgasition:
3 j- YR 3/4 Quartz %W 54 } R Y
= Faldsper 5 1 1
L l— L Mica 4 3 7 a 2 2
4 Heavy minerals 1 1 2 - - 1
L EY 32 Ciary 2 7 W - w o
1 - Glaveonite - - 2 5 - -
T | 10R 4/2 Pyrite 1 ] 5 - - 1
T B Zeolite Bl T
T 10R 472 Carbonate unspec, 3 2 2 2 1 1
A meittie of Cale. nenotosaily - 1 [ ] - - -
4 i_ 5G5S Plant debeis 3 4 3 2 2 8
- =
L .| wRan
Ll =
i- \ 10V 412
R L] -
P 4 10R 412
1 -
L=
L 107 412
Li=lssvam
— 10YR 212
A
4
a8 i‘ N | syR s
é : Ll 5Y 32~
5 i B sY 4/
. R i =
H 5YR 2/1
5| % |pple ! 5v 4/

SITE 634 HOLE A CORE 42 CORED INTERVAL  896.0-905.0 m
2 FOSSIL
o g CHARACTER
B e - z| @
ou d b gl = =
TE EHE é § E|l B | oy s LITHOLOGIC DESCRIPTION
w3 i g ;‘ o
I ELE % o8 A
= HE B i
[ o] ses2
A - S aft VARIEGATED CLAYSTONE snd CARBONACEOUS
¥ mottie of CLAYSTONE
56 61
1 i Varlegatad claystore in Section 1, snd carbonsceous clay-
H | stane-beating silty claystane in Sections 2 and 3, Sectinn
! 1 Is brownish gray (50 6/2), dark gray I5Y 4/1), drk
. olivn gray (5Y 372), and gresnish gray [5G 6/1), Sections
Y 32 2 and 3 are dark greentsh gray (5GY 4/11, greenish black
¥, L, {BGY 2/1] and brownish tiack (5YR 2/1)
2. "
[} Quartzote si't layers characierize the variegsted |ntervals.
44 5GY 41
v . L svman SMEAR SLIDE SUMMARY (%]:
L ™ 5GY 411 1,12 1,115 3,12
2 Lis = 8y o o o
Textura:
2= g sin w8 1w
z ) Clay 0w w W
=] <" BGY 2/1 Compasition:
o - Chartz 3 3 3
& = o |- SYR2N Mica 3 & 4
2 Agj c 3 = = svr 21 Heavy minerals 1 Vo=
5 .
< -~ Clay 88 @1 @8
a] 1= [ee] = By Glauconite 3 - -
Pyrite - 2 =
Carbonats unipec. - - 1
Fish remain R
Plant debris 1 1 L]
SITE 534 HOLE A CORE 43 CORED INTERVAL  914.0-923.0m
2 FOSSIL
o 5 CHARACTER
M EMAEE z|l e
l'fvgv EE 8 £ g g I L?r?i?l.‘ggv :ﬂ LITHOLOGIC DESCRIPTION
g (E"E 8] 3] gl (%) ® 4
i BHHH :
e HEE o
t =] |scan
= 5G4/
= |- CARBONACEOUS CLAYSTONE
- : 5G1
z = Carbonsceous claystone |» calcsrecus, grayish black (N2,
2 1 ~ SCY 4/1 dark gray (N3), greenish black (56 271}, and alive black
; X — 5y a1 (5Y 2/1) laminss and sit sringars wre froquent, Pyrite
g i: — Say A woncretions vald in center, it observed at 145 em in Section
Gl e i 5851 z
i E SILTY CLAYSTONE
3 —
£l s = BGY 6N Dark greentsh gray (56 4/1), medium biulsh gray (58 5/1),
2|2 % SGY B and greenish gray [5GY /1), Calors tend 1o be greenish,
< o N due to nannofoll content.
Vs = uév an
2 ; SMEAR SLIDE SUMMARY [%):
/i g o 2,89 2,108
Z Ei?* o o
Cg P Tewture:
ﬁ o (73 Sin 15 25
: in e Ciny a7
BB = Compasition;
2
E S ﬁ' Quartz 3 2
Mica 7 -
Heavy minarals 1 v
Clay L] 59
Zeolite 2 -
Carbonate unipec. L1 -]
Cale. nennofossils 10 10
Plant debris 5 2

PES ALIS
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SITE 6334 HOLE A CORE 44 CORED INTERVAL 923.0-932.0 m SITE 534 HOLE A CORE 45 CORED INTERVAL 932.0-941.0m
9 w
§ é cmﬁ,‘!%m & § m:gi?fsn
gulg| 2 gl e - EMAEE Zl 2
N ER 28 (&2 GRAPHIC E EC R S| = GRAPHIC .
HEH g 18 5| B | umoloar LITHOLDGIC DESCRIPTION B E s E E|E | Liotosy LITHOLDGIC DESCRIPTION
= H & E o S| E = g 2
I E (8 e | 5
F le g g ! |8 =
s |8 3 Igé E @ EIELE 3
| i
s 5Y 41
. — &
1. faay CARBONACEOUS CLAYSTONE and SILTY T Yan SILTY CLAYSTONE snd CARBONACEOUS
= o CLAYSTONE 1 sy 2 CLAYSTONE
[~ 5G4/
1 Lld] | bevsn CARBONACEOUS CLAYSTONE s gravish bisck (N2), 1 / [ syR 2/ CALCAREOUS SILTY CLAYSTONE i olive gray (BY
Gn + i dark gray (N3}, and olive biack (Y 2/1). Carbonaceous Z i 1), B o gmy (Y A1), ek o o gery
4 — lryers are thin, 5—10 em average, and tend 1o be maive, — SYR 21 . e intervals are between 52
1 5G4/ Zl- Xy and B8-93 om in Section 2; 26-33, 6873, B7-84,
¥a L [~ sGY &N SILTY CLAYSTONE is greenish black (56 2/1), dark cen Z1% Esvan =117 cm in Section 3 343, §5-71, 104115,
1+ 6G 211 greenish gray (BGY 471], and alive gray (5Y 4/1). This layer / 120-128 cm in Section 4; and 15-30 snd 5058 cm in
+ = mz WO IgpeNrs to be massive, sometimes suoclated with ; - 5Y 4 Section 5,
" e burrows. Pyrites arn pessant, % =5y 21
= 2 o i BY 4/1 Ag / By 41 MARLY CHALK with burrows occurs 5568 cm in Sec-
'g - - Main compositions of caliciturtidites sre peliet with small P ? = sy 21 tion 3 and 0-14 em in Saction 4, which i greenish gray
B 2 81 - :::‘:: amaunt of foraminifer indicating shallow water origin, 5 5 \ 15GY &/1),
i
4 3= = svan SMEAR SLIDE SUMMARY (%): 4 A 7 5Y 41 CARBONAGEOUS CLAYSTONE i oliva black (5Y 2/1)
m £} 1,121 3,102 1,126 3,123 4723 4 ' L and brownish blsck (BYR 2/1), dominantly less than
D o s T8 TS V] [ syR2n 5 om thick with CaC0y up 10 30 %
Taxture: s -
%, Bran Sand = w0 15 2 € - Y 411 SMEAR SLIDE SUMMARY (%):
e = it 18 85 10 10 - / = evan 320 41
iz_ Cay % 8 15 W 15 > A1 r o o
T Camposition: 3 7= 5Y 4N Toxture:
Hi|lm| [ svan Ouarn 3 5 0 3 2 E o /I3 b= say 8 St % 1w
A 3 2 [ svan Feldspar 5 = 1 1 - 5 3 = Cley % 80
5 v Mica 2. 2 ¥ = 2 5 / - Y Comparition:
] 4L sl vz Clay 42 @ @ 2 0B £ = ; — Quartz "
L i i I SEcar Carbonate urspec. 35 5 ] a1 B0 @ Mica 1 1
Am i - B Faraminifess - - 5 2 5 2 o 56471 Clay 72 48
; = o Eid) Cadc. nannofossils ': :: 24 S S g s \ - Cartionata unspec. & 20
= sGv 8 Plaa doucy g o, [ seer Cale.mannofossis 3 20
L™ - d/1 BY A Plart debris 15 1
H] = -
2 £ 1= o = svR2n Othar z
a |- f
< 1 e 5G4/1
e | = 4 = Bydn E 4 - 5vR 2
g|2 1|2 . Zlal [ oseven
H T v A= [ avan
> i JL| 1 7/
£ | g Am +=| | sy v
213 I ~|= sY 4/
8 |Am cc + sY 41 . >
£ g X [~ svan
5 3 Al L® ¥
X
] 2l Y4
=lee cc X

PeS LIS
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SITE 634 HOLE A CORE 46 CORED INTERVAL 841.0-850.0 m SITE 534 HOLE A CORE 48 CORED INTERVAL  959.0-063.5 m
8 i i FOSSIL
” § CHARACTER - E CHARACTER
2 |= AE] | . z| @ - 8 |=ulegle u
] = gl = FHHE 8 gl 2
gt EE HE g g |5 E e | g% LITHOLOGIC DESCRIPTION i EHE g § gl |E| & | oHoweey L3 LITHOLOGIC DESCRIPTION
< z -
AAHHHE U L TF HHHHEREE g
= le H = Lo ;
FHHE g 53 3 EMHE g &2 2ER
g sH Eas B n
£ ='E g;\:fﬁ‘“ NANNOFOSSIL CHALK D e S NANNOFOSSIL-CHALK and CALCAREOUS
E 0 . RN ) os b | LIMESTONE
= T Marly nannofosil chalk i derk greeniih gray (5G #/1) Em r B AT
H Cm 1 | | Svan 1o olive gray (5Y /1), highty laminated, Laminations are Y| == “ Mostly nenactossil-chalk of varying shades of gray (5Y
E 8 > « = BY 2N 0.2-04 mm thick, and of clay-sized quartz and micrite, I o T8 B/1-BY B1] through greenish gray i5G A/1-5Y 24|
= (== 'I.D: - * Within & micrite loyer, 10—15% radiolarisns, mostly re. 105 i 4 with oll intermedinte shades. Lighter shaces are mode silt-
Elpd | % placad by calcite are presant, e e P alew rich [dolomitic): the derker shaces arn mors clay and
é i - 5 BY 411 s o e e arganie rich, fraquently asociated with pyrite. Almast
w1 Cp 7 é Carbonacsous layer containg 48% CaCOy. Pyrite i ob- B . whale core very finely paralisl laménated with minae
= £33 ag | cmi cC - sorved, E‘ o B Burrowsd intervals, The dae evals often begin wwddenty
. 5 then grade into lighter, but not invaribly. Laminas denity
SMEAR SLIDE SUMMARY (%): -E =] om = d is sbout 20 cm in the finely laminoted inzervals,
1,30 1,48 1,80 1,105 1,76 g .
,30 1, ; i i . v
o b o D TS 5 c 5 " n Thin Section, Section 1, 98 cm, the caicarsous limestone
Textura: = e micrite Haio-
silt 20 3 60 20 o < L taria are all spacite filled. Thin shall fragmants, guariz
on 80 70 % T e and mica are ulso present.
Canoou on:
Ouartz b1 - L] (L} SMEAR SLIDE SUMMARY (%)
Mica [
Heaey minerals - 3 - - - Ap 4 :3’50 %5‘
Clay 58 63 0 a7 50 > Toxture:
Pyrita o= - = st E I
Cobonsteumpee. 2 2 48 3 W £ Clay 70
Foraminifers - - - 5 3 Composition
Cale. nanngfossily. 0 - 10 15 - Ouwrts 2 1
Sponge spicules 1 - - - - 7 Fuldspar 1 =2
Flant debeis 3 4 =z 3 = i Mica 1
Clay 5 10
rd Pyrite 1 -
3 a7 NTER\ 950,0-958.0 m / Coiotiinpes: 73, 30
SIT 334 HOFL:ssl: CORE CORED AL s Cale. nannafessils a0
= Fp Fish ramains - 1
§ ; CHARACTER ’ Plant dabitit 1 7
- 1] - z 2 - Other - 3
w = e
£x gﬁ HI 2 g E|l & Pl a8 § LITHOLOGIC DESCRIPTION 4 .
a2 s -
g H HERE 2 =
£ |5 |z 59 5 2
2|8 2 |52 3 .
= i e [
~= CALCAREOUS CLAYSTONE, NANNOFOSSIL o e s [
= CLAYSTONE, and DOLOMITIC LIMESTONE . e i m—a
= e i ki .
[ c 1 = Upper pert (Sectian 1] marly, wilty, and nannofossit clay- e s e
=" stone ranging fram light olive gray (5Y B/1) to greenish 5 T — 5
black {6G 2/1) 1o dark greenish gray (5G 4/1); several thin :ﬁ
4 intercalations of dolomitic limestone (Section 21 amd r—
ul carbonacesus claystone ollve black (BY 2/1] in Sections Tttt -
4 s s
F A e g s
L 4
_ 1. Ammanite found st Saction 3, 150 cm, = T S S—
£ 1] E [ o e s
5 |: Mostly perallel laminated with moderately to highly bur. H ! ¢ 6 B« o e s =
=8 2 vowed intarvals; pyrite nodule at Section 1, 87 cm. = "' .
§ 1 L e SMEAR SLIDE SUMMARY (%): Fm 7
£ A4 167 1,89 2,27 2,89 2,136 dmee T
B D D o
“ 1P Tuxturn:
i 1= St 50 20 40 20 20
= Clay B0 B0 60 B0 80
= Compasition:
= Ouartz 2 W = 2 2
L Wica - Po- = .=
3 = Clay ® 42 40 a0 20
= Pyrite 1 - 1 2 1
L8 Carbonate unspes. 35 a3 & 60
B Cale. nannofossils 26 I ST
— Plant debeis 2 0% v B 2
| Othar - = 18 -
em L=
§ =
=
F —
H e |4 o
1 % 1
HEAR :
L




SITE '_534 HOLE A CORE 49 CORED INTERVAL 963.6-9726m SITE 634 HOLE A CORE__ 60 CORED INTERVAL §725-9815m
e FOSSIL 2 FOSSIL
G s CHARACTER § 5 CHARACTER
- EMEIE E| 2 - sulelalzl o 2|2
=8 =F 214 g |E| & GRAPHIC = & 2% HE] 8] = GRAPHIC H
e :ié ; ] HENE i | Anamic. n! LITHOLOGIC DESCRIFTION 2 ?,E 5 E L E £l E | umowoey |, K LITHOLOGIE DESCRIPTION
A HHHEE E L Eh AHHHE 4 FH
e |= B = g = §
A HEHEE 4 S 53
= 4 — e T =
f o S— — a} e
FA NANNOFOSS|L CHALK and CALCAREOUS e e B MARLY NANNOFOSSIL CHALK, CALCAREOUS
/ CLAYSTONE i e PR = CHALK, and CALCAREOUS CLAYSTONE
4 =1
z & i v Alternations of calcarsous claystone and  nannofossi) F i oyt 1= Blue gray (5Y 8/1), medium Hight gray (NB), dark gray
¥4 chalke ranging from dark gray (N31, light gray INT], gray — — F N3}, and light gresnish gray (5B 7/1),
7 (5 &/1), dark groenish gray (BGY 471}, 1o olive gray (5Y == 7 M
P LN B —— /= Mostly very finely Laminated, occasional massive, burrowed
¥ - T Y = and graded intervals. Gresnbsh gray (58 7/1) intervals
~ Mostly very finely laminated with oocmional moderstely & /g normalty tha most bioturbated.
’ to highty burrowed intarvals, locally laminations wavy or = v E
’ convaluted, Occasionally graded, masthes, non-burrowed B 1 Occasionsl ntervals shew grading, peralle! laminations, and
P units up to 3 cm thick are likely 10 be ealciturbidie, = 4 | microcrose-lamination signifying turbidite deposition.
ils £ faeal pyrine seringars. k- = =
E e 2 < E . 2 Y o Pyrite nodules deform the laminae.
= % Cm L In thin section the calcamous claystans is a carbonaceous 2 % c 4 ]
b g % peliotal micrite (wadkestona), Pellets 15%, quartz silt 3%, L 7= SMEAR SLIDE SUMMARY [%):
3 7 micrite are clay matrix 75%, organics 5%, pyrits 3%, The # 4,38 4,50 4,136
v ” peliets, which are iphasical, may ba micrite-filked radio- [ I I
"ot laria. Skight laminstion may be intensified by disgenstic o Taxtura:
AR compaction, T I Site 720 13
“la Clay LI
s SMEAR SLIDE SUMMARY [%): e Compasition:
4= 4,84 5,61 Cm e Ouartz 4 3 7
¢ A o o —— Faldwpar 7 - 3
-l 3 g = Toti: 3 booooo + Mics 1. = I
m St B 26 e ooadt = Clay 1 50 3
= Clay B 75 L jaaag Glauconite LI -
s = Composition; 1 feas] Pyrita i - 2
E Falitipar 1 A= Cubongteumspec. 33 B4 60
#m Clay 48 7 ~ - - Cale. pannofossiiy a5 10 x
Zi= Pyrite 2 1 = H Fish remaing - - 1
- Carbonate unipec. 4 75 1 o L ez - Plant debwie - 1 2
b Cale. nannatossily 13 15 F e s 0 W 1] Other 2 2 s
< Plant debriy 12 1 { =
[+ " ; Orhar w - Ag " o g
N 7 it
g AL
- - v
y £l =z ?
-] = .
/ [--}
’ 2 % 4
/ | -
5 s
i £ 1
= L i & - =
7 ag 5 g 8 JAm C CC, >l=
5 L
B! *
‘4
g /
; %
=3
c|s -i
=2 -
{HRE s s
@ | ZE L.
2 L
1 L
H /
L I P I 7
7 i — 4
Am T W i

65T
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SITE 634 HOLE A CORE 51 CORED INTERVAL  981.5-990.5m SITE 534 HOLE A CORE 52 CORED INTERVAL ¥wlo—wmom
2 FOSSIL g FOSSIL T
5 g CHARACTER ‘ ; CHARACTER
N EMABE S > MEMREE iz
TE EE E g é E E g Pt i ! K LITHOLOGIE DESCRIPTION sE gs ¥ § g g g E Foc il R . LITHOLOGIC DESCRIFTION
w3 | < - wS NIZ| 2| =< w F
£ (5|82 ].8 %= Wl H ETIE |3|gl2 8 (%)= EEE g
= |5 ] g |5 |||zl E 5
EHHHH:: $EH EHHEH 3
=1 - —
2 / . EN=
E ™ 7 fip = \\ == » CALCAREQUS CLAYSTONE, CALCAREQUS CHALK
/ DOLOMITE LIMESTONE, CALCAREOUS CLAYSTONE P ‘” and MARLY NANNOFOSSIL CHALK
73 and MARLY MANNOFOSSIL CHALK B — =
ﬁ & i 1 z " 1 s, CLAYSTONE, greenish grey (SGY B/1) to dark gresnish
= T, Greanish gray [5G €/1) 1o medium bluish gray (58 6/1) 1~ B aray (5GY 4/1) to olive gray (5Y &/1) 1o light olive gray
} f dalomitic limestans; alive black (BY 2/1) 1o grayish black o a —— Tsl Y 4/1) 1o ofive black (5 4/1)
’{ T [N2) dalomitic nannclouil chalk; end greentsh gray [5GY o N=N
,ﬁ - 4/1) cabcaroous claystons, pasd CALCAREQUS CHALK snd MARLY NANNOFOSSIL-
: | ‘\" b CHALK, greenish gray (BGY 6/1) 10 dork greenish gray
_ Montly finely parallel laminated with up to 16 em thick b — (BGY 4/1).
F1 Burrowed intervals: up to 15 cm intervals with grading, end 5 T -~ oy
parallel lamination of the D-E intervals of Bowma se- T & 1 L ~ Parallel lamineted and ménor burrowed intervals inter
§ quences. Base of cakciturbidites contains tome sand-sized £ Ag - ——— N calated with graded. microcrous-isminated dolomitic fime-
§ carbanate. 2 E % ~ stone. Base of these calciturbidites |y siltslzed; Bouma
= o C—E and D—E intarvals.
The Thin Section {Section 1, 138-141 cm) of marly N
nannotossil chalk s & radiolarien blomicrite. Blociasts < : Smaar sdides contain same zeaiite (to 8%). A Thin Section
include shallow water carbonate material (ooids, algas g of marky rannatonil chalk (Section 1, 71=73 cm) is a bic-
fragments, peliets, sheils], Rare guertz grain. Spatry ™ micrite (wackestonel, Bioclasts of shell fragmunts, radio-
caleite in raciolarian ahelle Micrites matrixe reploced ~ larn, and sponge spicules, 25%; guartz and biotite, 1%;
by miicrospar-sized calcite. o ~ clay.rich micrite and opal-C1, 4%, One feldspathic valeanis
c i grain rated
SMEAR SLIDE SUMMARY (%): —L L
1,10 1,27 1,81 1,97 1,125 A SMEAR SLIDE SUMMARY [%]:
o o o r] D 3 1,38 1, @ 1,82 1,13
Texture: 4 o o o B
Sand - - 2 5 3 K 3
Site 5 - N W W Texture:
Clay a5 - | 75 B3 XL Siy 20 B 4 50
Composition: X Clay B0 70 80 %0
Quartz 108 2 1 4 B Composition:
Faldipar SERI- 2 J Quarte 2 2 3 2
Mica - 2 - 2 - 1 1 — . Faldupar - - 1 -
Haavy mineraly 2 3 2 4 4 St ~ Mica - 2 -
Clay - - - & 42 — ~ Clay 47 B 4 8
Voleanic glass P o & R :- Pyrite 1 1 1
Catbonate urspec, 96 70 81 8 20 4 7 - Carbonate urspec. 30 40 10 40
Cale. nannofossii — 0 15 ] 30 2 Cale. nannotosiils 5 16 k) B
Fo Sponge spicules 1 - - -
& Plant debtis 3 21 8 -
N Other 2 15 ¥ -
L
5 ““ \
§ N
il z 5 b
[y 7
=&
T b
il /
My
TE|Rp| M X x — ]
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SITE 634 HOLE A CORE 63 CORED INTERVAL  889.5—1008.5 m SITE B34 HOLE A CORE 54 CORED INTERVAL 10085-101756m
g FOSSIL 2 FOSSIL
2 g CHARACTER - ﬁ CHARACTER
g l=.lel2]z z g |z wle "
sk |2 HHE HENE LITHOLOGIC DESCRIPTION = |22 HE |8 §[2 | onamc LITHOLOGIC DESCRIPTION
HEEHEE I 1£|58|% 5| |G| & | vmotosy
£ 127151 5|3 8 £ 173 528 |B]®
FoIE |55z ER R HEEL S
= 14 = |Gk - “|= =
LIMESTONE, CALCAREDUS CLAYSTOME and CALCAREOUS CLAYSTONE, DOLOMITE LIMESTONE
CALCAREDUS CHERT and MARLY NANNOFOSSIL CHALK and FINE
Cm GRAINED CALCAREQUS SILTSTONE
1 LIMESTONE, dark gresnish gray (5GY 4/1) to greenish 1
Cp @y {5GY 8/1] to lght bluish gray (58 7/1); claystane are Calors range fram light greenish gray {SGY 5/1) and dark
dark greeniah gray (5GY 4/1) to greenish black (56 21), i greenish gray (BGY 5/1) to olive gray (BY 4/1) 10 dark
wellawish brown (10YR 4/2). The claysiones sre ganaraily
Maoitly parsllel laminated with oocsionsl up to 8 em E = darker than the chalks and limestanas.
thick intervals which are graded with scoursd basss snd = 2
shaw i and ravely i o é Mastly finely parsllel laminated with moderately to highty
s ismination. Boums A—E and combinstion present. Sand- 2 = c burrowsd intervals (chondrites). Several graded intervals
§ vized carbanates, concentratad At base of some csicitur E IS Ap up 10 9 cm thick, but tewer than Core 63 {ealciturbidites),
§ 2 5‘% 3 In Smesr Slide many lithologies are dalomitic; claysianes
Mary of the limestones srv dolomitic. Small volumes of R~ contain unusually d
& calcareous chaleedonic guartz chert of meplecement arigin = = A Thin Section 1 Saction 2, 68100 cm iz & biomicrite
5 ara presant, Thees Thin Sections (Saction 1, 38 om; Section [wackestonal with a shallow water calcarsous asssmiblage
.§ @, 17 and 78 cm] are sifty bioclastic micrites [packstones & af shells, slgee, ooids, echinoderm peants. Quartt @ con-
Z and wackestones). Section 4, 11-13 cm contaln abundsm centrated at bate of this turbidite, Clay-rich upper part
g shallow watwr carbonate (shelts, benchic faraminifers, toss recrystaliived, Thin Section at Section 3, 48-61 cm
| = echinoderm  plates, dlges, ooids, micrites, nraclast). e is 2 pelieted packstone of similer provenance,
a 3
= SMEAR SLIDE SUMMARY [%):
? 1 2,39 2,80 2,85 2,02 4122 FAm| A =l SMEAR SLIDE SUMMARY ([%):
§ 3 o v} o o o 1,88 2,68 2,81 345
Texture: D o o o
§ LY Sty - 20 ] a0 - Textura:
K] Clay - BO 60 0 - il 0 26 B0 B0
g fip Composition: Ciay B0 75 50 50
< Ouarer 2 1 2 2 L} Compositkon:
2 ] Mica - TR - - - Ouartz 2 - 10
o Heswy mineraly - TR = = = Clay kil 65 4 a7
Ap Clay 5 47 40 5B 2% Pyrite T - TR 2
Pyrite 1 i - 1 TR Carbonats unspec, W oW T W
Carbonas 0 5 46 20 % Cale. nannotossily 35 18 5 15
4 Cale nancfomils - 12 8 10 20 Flehy rameing = = 1
2 Sparge spicules = =i & =l G Plant dabeis a3 7 -
_z Fish remains - i = = Other B 12 -
Eg Plant dubriy 1 5 2 1 i
3'& Other - 3 2 L] 15
23 AmlCm 5
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SITE 534 HOLE A CORE 55 CORED INTERVAL  1017.6-1026.6 m SITE 534 HOLE A CORE 57 CORED INTERVAL  1035.5-1044.5 m
FOSSIL = FOSSIL
» CHARACTER o § CHARACTER
8 |zule[=]e - g |2 [ z| w
2r HE S| E | craemc EM gl e =
i HHE § ElE | dTHocoey LITHOLOGIC DESCRIPTION e EHE i ; glE | e | o LITHOLOGIC DESCAIPTION
A HHEEREE A AHHEHRUHE HEE
A AHHH" At T EH
|z S & -4 =
cm MARLY LIMESTONE and CALCAREOUS CLAYSTONE 3 CUTTINGS ONLY
05—
Colors medium light gray (NB), Tight Bluish gray (58 7/1), =1 Cuttings from cave-ins of sides of hole during re-antry.
1 light olive geay (5Y 6/1), and gresnish gray (6GY 6/1), il A
Finely porallel laminatod, oc vaguely parallel laminated 10—
5|5 with frequent burrowsd intarvals. Toward basa of core ]
El = graded, intervals with microcross-laminations {up ta 11 am -
5 & thick become sbundant]; calciturbidites. |
i Seversl molluscan shell fragmants, inoceramus, presant e
=l -
E g Batss of calciturbidites contain up 1o 16% wnd-sized car ]
s 2 bonate. Paarly preserved radiolania, corvented 1o chalce 2 -
I donie quarts present (up te 15%], sl pyritized dia- -1
g toms, Section 1, 70 cm i Thin Section & & radiolarlan 3 WASHED
2l s micrite. Section 1, 45 cm i # partially recrystallized sendy - CORE
mictitic limastone, Section 2, 148 cm is a siliceous micrite 7]
= Shallow water material [coids, slgse, pisoliths, echinderm n
= plates, evicritie intractasts] presorved in Section 1, 145 em.
ol | | | | s .
§ SMEAR SLIDE SUMMARY (%): 3
P 1,76 1,82 1,044 2,84 3,24 i
3 0 b D D D ]
Tesctura:z 3 .
c Sandt 5 5 - = 15 a
Sile k- 36 - 20 %
Clay 60 80 - 80 &0 1
Composition: -
ccl Ouartz 1 2 = 2 3 -
Hesvy minarals - - - 1 - 4
Clay 22 40 10 a5 k) -
Pyrite 1 - . a4 by
Carbonate unpec. 50 30 5 5 a0 " 1
Cale. nannafousily 10 w0 -] 1o 1 I
Plante detrin ™ 3 - 5 2 L]
Othar 8 6 10 3@ 15
SITE 534 HOLE A CORE_ 56 CORED ’!TE RAVAL 1026.5-10355 m
£ FOSSIL
§ ; CHARACTER
Eul2] 2|2 Zl g
e 22|25 312 B B8] = GRAPHIC LITHOLOGIC DESCRIPTION
HEEHEE 3 |5 £ | uTHoLogy A §
g 5 HEE E- = =
= e
= § ; g ag Eg 5
" ===l
e Cm T e [ CALCAREQUS MUDSTONE, MARLY NANNOFOSSIL
e e ——— CHALK, and CALCAREOUS SILTSTONE
B i s i1 B ——
1 B m MARLY NANNOFOSSIL CHALK s medium light gray
3 - NB), dark gray (N3], and light alive gray (5Y B/1), finaly
. A 1.0 taminated or moderately to strangly burrowed,
] j voip ;
e a CALCAREOUS MUDSTOME is medium dark gray (N4}
= o dark gray (N3), often menive, or vagualy graded with
g ! -1 fow burrows, locally carhonsceous,
é ~| |am L
z -1 it CALCAREQUS SILTSTONE is gray (B 6/1) to greanish
é gray [BGY 5/, graded, parallel lamination, few burraws,
2 & pL - baa! few em s calesreous wiltone or wlty (imastons,
£ . et oy siltvione;
3l = = L 4 caleeraous turbidits (Bourma C-0, E, D—E).
T 4
= &
= AL
B | Cm) 1
. L
3l 1
1
= -~
B -—
-
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SITE B34 HOLE A _CORE 58 CORED INTERVAL SITE 534 HOLE A CORE 59 CORED INTERVAL  1053.5-1062.5m
g m|mm;||_ § m:gﬁ“
ARACTER
»® -3 *®
MABHE zl g - N EFEEE HEA
- |2% & GRAPHIC - 0% z =] GRAPHIC
it EHE 8|z i E LITHOLOGY H LITHOLOGIC DESCRIPTION 2|28 H 2 g £ & | umiotooy LITHOLOGIC DESCRIPTION
g |= £ g 3 Bl & 2 8 PERE z g dlenl8| ¥
@ At =i SaaHHHEE
HE lg_. i $EH MHHHEEE
2 MARLY NANNOFOSSIL CHALK, CALCAREOUS £ CALCAREQUS CLAYSTONE, MARLY NANNOFOSSIL-
os L CLAYSTONE, CALCAREOUS SILTSTONE, ardt P CHALK, CALCAREOUS SILTSTONE, and
] 4 CALCAREOUS SANDSTONE CALCAREQUS SANDSTONE
1 1
Co = - . MARLY NANNOFOSSIL-OOZE & light gray INT), very CALCAREQOUS CLAYSTONE & gresnhih gray {5G /1)
1.0 L finely paralisl laminated, or moderately to strongly bur: clasts up 19 8 cm thick, massive o waakly graed ot base;
_______ 4L i rowed., usually no burrows. Soms intervals carbonateaus.
CALCAREQUS CLAYSTONE is greenish gray (5G 6/1) MARLY NANNOFOSSIL-CHALK is light gray IN7). Very
mastive and weakly graded a1 bise of units, typically <6 em finaly lsminmted, often moderstely 10 highly Barowed
thick: usually 1o burrows, ar small chondrite, € o Intarvals up 10 16 em thick. This section cansists mainly of
2| E partly recrystallized micritic “limeitone™ with few well-
CALCAREOUS SILTSTONE is dark greenish gray [5G E preserved calcarsous nannafosils.
- A/1) fire- 1o medham-grained siitstone showing crosi- and E
2 ‘parallel.laminations, units up 10 10 em thick, ls A 2 CALCAREDUS SILTSTONE is d:: w;‘mm oy (5G -m:
Fo § and occurs as graded units up 1o ©m thick, st the base of
- CALCAREOUS SANDSTONE kv dark greenish gray [5G ¥ the calcansous clayitons intervals (12 mmi as in the uppes
2 411}, base of major wesidite inervals up o 1 m thick, part of sand turbidites, parallel and cross-leminated,
groded snd orote-laminated. Some may be shallow car
bonats platform and continental basement lithologies. CALCAHEDUS SANDSTONE i dwk greenssh gray [5G
Cm o b a/1) tabidiu (Boums B-C-D-E. C-D-E, D-E) with
- n MOTE: In Section 3 major convahate-lamingted and ntra- & convalute and lamination.
. clast-bearing debris flow unit.
T B The thin ssctions are all turbidites calcareous quartzow
3 T— - Thin Section at Section 3, 127 cm and Section 4, 18— 3 wandstones and siltstones of terrigenous provenance plus
= : L o 21 em are calcarnous quartzose siltstones to line tandstone L8 some bioclastic carbonate (echinoderm plates and spires,
o — K T lquartzarenite) with quartz, feldspar, and mica abundant, 2 shalls, benthic foraminifers, and rare micritized pailensl.
—= SMEAR SLIDE SUMMARY (%): % SMEAR SLIDE SUMMARY [%):
—— 1,80 1,1262.75 430 Fp 1,72 1,86 2,49
L MoOoM M M e |em 2 MooMM
Texture: Texture:
5 L jusders Sandt 2 W B e 2 - 1
E Lb Silt mow 5 Silt 5 & 5
5 o 4 Clay Be a0 75 k- 3 Clay a3 az a4
@ Composition: Compasition:
L P 11 L Ouartz 3 1 1l o® Quarte 2 1 3
1= L Fuldwpar - 2 1 2 Feldupar 1 - 2
'§ z e Miea 1 - 2 1 Heavy minerats - 1 -
. F++ Heavy minerals 1] 1 - 2 Clay " [ -]
; g = J‘ Clay 5 & 58 35 Palagonite 1 - -
= == Carbonate unspec. 3 1 1 8 Zoolite 15 1 -
Ely L) 5 = Calc.nannofomsils #0265 20 1 Cale. nannofosils 5 3
8| Rp ————T | Plant debrin 2 3 2 1 Plant dabris 5 3 3
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ZONE

BIOSTRATIGRAPHIC

B0 CORED INTERVAL SITE 534
]
g
z HE MHAF {E
& E E LITHOLOGIC DESCRIPTION ii ':E g 5 ""_ LITHOLOGIC DESCRIPTION
H eI 23|53 2| % e
] & N T+H
5 |# FEE

0. operculatsP, neocamica (0)

late Hauterivian

€ cuvillieri {N)

CALCAREOUS CLAYSTONE, MARLY NANNOFOSSIL-
CHALK, CARCAREOUS SILTSTONE, and
SILTY LIMESTONE

CALCAREDUS CLAYSTOME it greenish gray [5G 6/1)
units up to & cm thick, masive or weakly lamininated
or graded i base; usually no burrows, or very small chon-
drites. Some intervals carbonaceous.

MARLY NANNOFOSSIL-CHALK & light gray (N7),
Very finsly laminated with mero-cutotfs of Indivedusl
laminae. some intervals moderately 1o highly burrowed
Frrervats up to 20 cm thick,

CALCAREQUS SILTSTONE is dark groenish gray [5G 4/1]
and accurs =i gracded units up 1o 10 cm thick, ot the bas of
the calcareous claystone intervals {1-3 mm), and in upper
part of wnd turbidities. Parallel and crom-lamineted,

SILTY LIMESTONE. seversl up to 0-20 m turbiditic
imtercalations.

in Thin Section, Section 1, 134137 &m is & calearsous
siltstone,  17% bioclmsts including thin shell tragments;
% ge! A, g mica,
polyerystalline gquarts, chiorite; 43% cement of ey
calchte; 3% carbonaceous turbiditic deposition.  Thin
Section, Section 2, SB-80, 138-137, 138140 and Sec-
tion 3, 18-20 om are all very simblar in compositien snd
disganetis.

SMEAR SLIDE SUMMARY [%):
L34 1,50 2,47 2,103 3,57
M

L] L] M L]

Texturs: 1 - 1 3 2
Site 5 10 7 15 6
Clay 4 0 @2 8 um
Composition:

Quartz 1 - 1 3 1
Fakdspar 2 - 1 a 1
Haavy minarals T = - 1
Clay 87 &5 48 B2 B8
Zeollte - 5 1 B
Carbonate unspec. 5 = 1 1
Cale. nannolesil 1 20 B0 e
Plant debrls 2 10 2 B 8

marly or late Hauterivian

NN, el
e EFEITE:

i

TaT=T=T-T

[ T F-F GEFFRTE]

0. aperculataP, meocomica (D

MM E- — =FEHEEEE]

= | L - L
SN F EEESNSANS Y NN NN N NSNS N NN S

C. cunvilfiers (N}

CALCAREOUS CLAYSTONE, MARALY CHALK, snd
MARLY LIMESTONE

1 — CALCAREOUS CLAYSTONE, dark gray (N2-N3), i
homogeneous, but usually with & thin (0.6-1 em) lsmin
ated gray (N4—NS] silty graded loyer st base; typically
coccolitherich,

2 — MARLY CHALK ls sither vary finaly laminsted gray
[6Y 5/1) with rare burrowing, or light gray (5Y 6/1-5Y
7/1) moderately 1o highly blotusbated with disrapted
faminas.

3 — MARLY LIMESTONE is madium gray INS) 1o madiom
dark gray (N4}, usually crosr-becded or Llaminsted, graded
Sometimes sandy or sty a6 well simarly,

In Thin Sectian, Saction 2, 17=19 cm is & quartzoss cal
careous §1stone with 4% shells and other bioclasts; 36%
teeriganous including quaniz, plagioclsss,  musoiits,
biotite, horoblerde, aned chlarite, Mattix ard coment 1
ET%! 3% pyrite. Both thin sections ae wall sorted, Matrix
exteruively recrystallized to sparry calcite.

SMEAR SLIDE SUMMARY (%):

L1 1,21 1,1303, 68

M M L o
Texture:
Sand - 10 10 50
i 3 25 0 30
Clay o & 0 20
Composition:
Ounastz - i B 0
Feldspar pae 3 L] 1
Mica - 1 4 kL
Haavy minerals = 2 1 15

WO 0 &7 20
Znolitg 4 2 -
Carbanats unspec. e 3 2 1
Calc. nannofosils T o i) 3
Plant debris 1 5 3 L]
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:84 HOLE A CORE 62 CORED INTERVAL _ 1080.5-1089.5 m SITE 534 HOLE A CORE B4 CORED INTERVAL  10985-1107.5m
H I:R:min - FossiL
E “ g CHARACTER
= =
GulBl 2|2 E gl & GRAPHIC H - EAE gl &
= = = e| = =
E § £ -] e LITHOLOGY LITHOLOGIC DESCRIPTION ==l2z|¢ 5 g Els GRAPHIC LITHOLOGIC DESCRIPTION
1z 2 LITHOLOGY
AHHHECEHE £ TH I HHHE P HE 3 o
& =
g (25382 = ; |z |z g§ 3 =
R HH BN R & g [B]3]|3]g3s8 i
3 : e
= [ CALCAREDUS CLAYSTONE, MARLY CH, , 2
g i) el |-]° 1 S EL TIATLLY, GHALK. e s (8 R CALCAREOUS CLAYSTONE, MARLY CHALK, and
g L ——"'--.l CALCAREQUS SILTSTONE
2 | — CALCAREOUS CLAYSTONE, dark gray [N2-N3} 7 =
3 - ;
z homogeneous Iittle burrowed graded units up 1o 10 em 7, 2 o= CALCARERUS CLAYSTONE, yinliied | IRG; gy
shick, B w dark gray [N3), ofen carbonacesus small graded
g 1 = units up 1o 5 em thick, usually massive ard with small
3 2~ MARLY CHALK, fight gray (5 8/1) to gray [5Y 8/1), _E = 2L g shendelty .
sither very finely parallal laminated o moderataly to hi = =1
b v 1o highly 5| 3 A 2 — MARLY CHALK, medlum light gray (NB) to dark
burtowed 3 Z 1 aray (N3} and light olive gray (BY B/1). Very finely lami-
E4 rated with small Aarminated cemant. A
3 - SANDY LIMESTONE, medium gray |NS}, graded and = L maodar rowed
z cross-laminated turbiditie unit, § 5 L Intervals ara wtaly to highty bur fup to 25 cml.
- ; - — 3 — CALCAREOUS SILTSTONE, gray (SG 4/1), thin
A Thin Saction st Section 1, 16-17 em is 4 caleareous cp 2 1 % : ey
% Quartz arenite. Bioclssts [17%) shelks, schinoderm plates - ' z‘:'" or. GrotIeninghid, pierings -t base: of: Hutkiivk:
o and rire " 5% tquarts, [+ o 5 recus claystons,
i arthocinse, penthite, i B - N ’
ot . A Thin Section m Section 1, 115116 &m i & caleiturbidite
biatite, chiorite, pidite, amphibole); 41% clsy and sperry # % X A
caleitn marin and cemant, 4% micritic palets; and 3% = 2R T T Shell famenia mnd i greiiet sed e
pyrite, Quartz graind thow pressure solution against shells. ; 1 :":I: mldn": . ::‘:" ?I'h': e “:LT::"”I'M
Ouartz : reapae-tized calcite. sparry probatity
wwall sarted and graded; a turbidits. - ; : repisces radiolarian. Note that the replaced|?) radiolarian
P a ¥l B.t spherical, thus cemented prior to sxtensive comgac
Fa tiona.
534 HOLE A CORE 63 CORED INTERVAL _1089.5-1098.5m 3 L !
2 FOSSIL 1 =1
; CHARACTER L ='
EulB|2|2 8 gl 2 GRAPHIC ] ’
£5|% 2 HE R é LITHOLOBY LITHOLOGIC DESCRIPTION . 5 1
HHEHEEE 2 g
AHHEH Hl R e
5 |=i= = 2 + .‘__, 3
T & B e e 3
2= 4 w F==2
CALCAREOLIS CLAYSTONE, MARLY CHALK, E 7 e '
i snd CALCAREOUS SILTSTONE i ] S
£ =1 4 1
1 1 — CALCAREQUS CLAYSTONE, medium light gray INE] sl 7 Py SE]
o dark gray (N3], often carbonacsous. Small gradad units g i =
B up to B cm thick, uially massive and with small chandrite = gz )
buerows. =155 |re < -
5 g % 5 7
=] 2 — MARLY CHALK, medium light grav NG} to dark “1E e '
g gray (N3] and light olive gray (5 6/1). Very finely lami- X wifRmlA cC|
e 5 nated with small truncations of individual laminas. Alter.
= nating Intervals sre moderately to highly burrowed |up to
i Fp
5 25 eml.
2 " 2
k4 ‘E . 3 = CALCAREOUS SILTSTOME. thin parallal and cross-
p 7 |eminated partings st bess of turbiditic calcarecus clay-
B 0nes,
z ] I Thin Section, Section 1, 116=118 om, s & calcarsous
B ] quartzose siltstone o fine sandstone; 2% bioclsst of shells
] and spangs spicules; 30% tarngenous guartz, mica, plagio-
Co 3 - clase; 57% caleite cament; 6% organic partices, 5% micrite
(1} °f pellets, ldrge micrite imtraclasts, end clay-ich lominse,

§9T
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SITE 534 HOLE A CORE 65 CORED INTER -
] FOSSIL LA L B SITE 534 HOLE A CORE__ 66 CORED INTERVAL  1116-1125.5m
z CHARACTE| g FOSSIL
« |E R K CHARACTER
8 |zu|2l2]2lal |B|2 § 2 = .
L4 = R. - -
13 ;3 £ § H H ElE Lﬁ,.’:r&g, LITHOLOGIC DESCRIFTION L EH £ 2 § a |2 E GRAPHIC H
e gm ; 5 ; |8 & 2 o JZ|58 E 5 5 . £ £ | umowosy : = LITHOLOGIC DESCRIFTION
= ] S B s |E g 2 Bl = )
F HHEE Eckd N HEH SiEd ¢
1 = Iy o gc e E
@ § z g gi B = 3 = §'§= = 3 §
A 1 J. - - )
3= ST (e (U N N NN A N N B QR S==riwtwowteme -
AREQUS CLA 5
i b i =—1 T | LK. o CALCAREOUS CLAYSTONE, MARLY CHALK,
1H.], L os e | and GALCAREGUS SILTSTONE
1 T —
i 1 - CALCAREOUS CLAYSTONE, dark gray [NZ-N3), 1 i e v 18
e homogeneous, but usually with a thin (05 cm) laminated 8 o ey e i :W_ ELCAREQLE CLAYS TONE, QNI gy V21,
1 gray (NANS) silty graded layer st base; typically contains 1o mogec. . Of ‘Wit Sy rondeite. bisiom, ot
2 sbrdant, val-preserved ith, | unit ix thin (0.5-1 cm) graded or parsilel leminated silty
B 1 —_— layer it base {rurbiditic?).
2 2~ MARLY CHALK, gray (5Y 5710, & finely laminated —. L3 2 — MARLY CHALK, Three distince typss prasant: 1) light
L o1 with few burrows ar light geay (SY 8/1-8Y 7/1) moder. —— iy [BY BI1) vory finely laminated with fow burrows,
2 ately to highly burrowed with disturpted laminse, 1l 2) dark gray (N2-N3) also very finely laminated with few
H = g d 1, E.:u;inmmmmmmu_mdarm-m\-
B — CALCAREOUS SILTSTONE, medism gray (NSI, e — 11 moderately 1o very highly laminated with traces
.t thres thin (<5 em} graded snd parsliel larminated intervals, Fp of ariginal parallsl laminations as i in 1),
2 ~ L 1
1 clearly turbiditic b origin, 2 . = 3 CALCAREOUS SILTSTONE, medium ING]
1 1 = . medium gray
N S Lithologies and seidiremtay festures ey similar 15 Giore ﬂrldd,".‘\f finaly laminated, a.g 2.5 cm interval in Sec-
Rp p— N =1 B4, but fewer turbiditic claysanes, 1 tion & (42.0-44.5 cm),
A i 1 L
= e SMEAR SLIDE SUMMARY [X); i Note the sharp distinction between the three lithologies
= S —— b 7 1,65 2,756 4,106 85,35 5 o seen in Cores 6468 s now becoming more diffuse, parti-
i YT P 2| 3 cularly tha distinction batween burrowed and finely lami-
e M D M M £ | B
§ e =t Tature: E E nated intarvels.
{ S e Sand B - 2
;; a 3 T 2 s w 2z w1 8 Cm SMEAR SLIDE SUMMARY (%):
5 N N — Clay 5 8 80 =| % 3 1113 1,130 3,45 3,86 5,77
] RS AmeE T 1 2 Compasition: 5l g o M D D M
T o S S s BN . Quarte L S R Toxong:
|l s o z_, Faldspar EO T Sand a0t 1
Bl = e Mica B - - 1 Silt 51 3 1 3
5 E e 2 o vt 2 - - 1 Clay 93 %8 98 08 98
5 =l Clay 0 84 B B0 cm Composition:
| i “ 2 Zealite 1 - 1 1 Ciarte 3 2 1 1 2
2| g| [ A =1 Cale. narnofassits B 1 2 & Faldeper b, =k 1 1
= I T : 4 Mics = = '
= T T Plant disbris i 1 2 3
3 4 T e S Y 1 = Hewvy minarals 1 2 - 1 1
I — 2 3 4 2 L
s s o e [N = i Clay 42 w2 17 & 8
a B I mrw— P 5 i e ——— R 2 Zeolite 7 - 1. - 1
N =t 3 P Carbonate unspec. 0 w0 -
A R — Cale. nannofossils 50 4 5 - 40
N T o 4 voio Plant debris 1 = = "2
N = o =
< B B e YL ; -
b m 2
cm F— & 5 4=
- 5 ~ A Cm 5 Bo ="
t Biss " |y
==
A =1 B|% g'
™
cm L 2
€1
=]
6 [ 3
-1
J- 2
bt | Ft
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SITE 534 HOLE A RE__ 67 CORED INTERVAL  1126.0-1130.0 m SITE 534 HOLE A CORE 68 CORED INTERVAL  1130.0-1139.0m
£ 2 FOSSIL
s L3 § CHARACTER
2 [m w EEMAE - z| @
E EHH gl g GRAPHIC e |22 HHERHE: GRAPHIC
TEIEE| = |l B | uthoioey LITHOLOGIC DESCRIPTION s |EE|E Z| % E| B | umiolocy LITHOLOGIC DESCRIPTION
gng"'i EIRS 8 43 "§ HIE I ETE 4 g
£ g = S
PR i : gl MHEHEH HEH
2 |& H H 52|32 5 2
~ =
- ' ~ i
= >z =5 MARLY LIMESTONE, CALCAREOQUS CLAYSTONE, B s CLAYSTONE, MARLY CLAYSTONE, SILTY
§ =0 CLAYSTONE, and MARLY LIMESTONE o Nm CLAYSTONE, MARLY LIMESTONE, LIMESTONE.
HH and CLAYEY LIMESTONE
? i . 1 — MARLY LIMESTONE, light bluish gray {58 7/1) e 1 ~ m * i_,,
3 - 5 % to dark greenish gray (SGY 4/1), laminated and highty NUY R 1 — CLAYSTONE, alive gray (BY 4/1) 1o olive black (8Y
L 0 ~ Fr burrowed, B ﬁ 3 21}, laminated 10 massive,
. 1 b ol N =
—m ~ - 2 — CALCAREOUS CLAYSTONE, light olive gray (5Y N= 2 — MARLY CLAYSTOME, gresnish gray (5GY B/1)
|—' = = = s — 6/1) to greenish black [SGY 2/1) laminated. X = ': 1o dark greenish gray [5G 4/1), laminsted and intensely
— - 4 = | burrawed.
N 2 3 — CLAYSTONE, ofive gray [5Y 4/1) to greenish black i =
g L1 {56 2/1), mamive 10 moderately laminates!, NEH L 3 — MARLY SILTY CLAYSTONE, groanish gray (5G 6/1)
e ~ m - to greerish black [SGY 271), laminated and maoderately
sl s T 4 = MARLY LIMESTONE snd CHALK, light olive gray 2 ~ . Ao
=) 2 (B 8/1) to pale yellowish heown (10YA /2], laminated. N —
g ~ X o N 5 4 — MARLY LIMESTONE. light oflve gray [5Y /1) 10
= N - Nota that relative to Cores 8587 burrowed zones are 8 N = dark greanish gray (5GY /1), laminated.
1 ¥ ~ 12 fragments, c. 1. graded claystonns. The turbiditic siltstones b N= i
B 5 4 hive comgletely gone. A minar lithelogy i clayitone ﬁ 5 § = LIMESTONE, light grey IN71 1o light bluish gray
§ == aresnish gray [SGY 6/1) 1o dark greenish gray (5G 4/1), Q‘ Hilf - = (6B 7/1), Intensely burrowed with raee laminss.
3 massive, cabonacesus i seen a1 Sectlon 1, 21-23 em, =~ |
N I & = e ﬁ 3 6 — CLAYEY LIMESTONE, light alive gray (5¥ /1)
N L SMEAR SLIDE SUMMARY {%): = | 10 palo yellowish brown (10YR 8/2), laminated.
3 1,50 1,67 1,80 262 2,67 e e e [N [
e n +] M D M (1] =] L 3 g o, j_) 7 — MINOR LITHOLOGY, claystons, greenish gray (5GY
N - Texture: N 5 6/1] to dark gresnish gray (5G 4/1), massive, carbonaceous;
1 Sand - - - 0 ~ = — occurs Section 2, 20-55 om, Section 3, 130135 cm, Sec-
§ F Sl 5 15 10 20 10 & bl = I tion 4, 3044, B5-80, 130-150 cm, Section 5, 130133,
: = Clay 6 B85 0 B0 80 E H E #nd in Core-Catcher.
(S L }-h| Composition: g 5 ! .
bt 17— Quartz ~- B 2 -] 2 = \‘- — [T A Thin Section ar Section 4, 54 om is a micaceous siltstone
Faldspar - - - LU > - = e with rare mieritic intraclasts.
Mica - - 1 5 - 4
Heavy minarals = = (e 1 - E == ; SMEAR SLIDE SUMMARY [%):
Clay 27 48 B0 B2 &7 “~ = 1 1,7 1,88 1,95 1,1252,42
Pyrite T3 1 2 - 0 = b o B 0 D
Carbonate unspec. 60 ] 15 5 30 o RN = B Texture:
Cole.rannofessis 10 36 22 18 18 N=—Hn sin % 70 4 W 2
Plant dabris - a - w0 N=E—= Clay 6 B0 80 B0 70
Other 2 - L] 2 15 A = L] Campoaith
~ = = Ouartz - = 2 2 1
N = Felchpar 1 1 - - -
'\ - Clay 3 @ 4 m
P 4 Pyrits 1 2 - T -
N = Carbonate unspec. 30 13 55 & 85
5 ~ 4] L= Cale. nannafomin 1 2 T 4
N - Plant debris 2 2 1 5
~ [ Dofomite . - - - 1
¥ N
Nt
NEH
N=
= —
g o 6 N=
*H
8 [em cc o
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SITE 538 HOLE A CORE 69 CORED INTERVAL  1139.0-11480m SITE 6534 HOLE A CORE_ 70 CORED INTERVAL  1148.0-1157.0 m
= ¥ =
g |gul2lz|2] gl |32 . g |zu[alaleT el |z| & .
':% Eé g g § 5 . g g Fpirpo e b E LITHOLOGIC DESCRIPTION ;% EE 5 g é g i g g Lhaie L E . LITHOLDGIC DESCRIPTION
23 (255 HEEEE E H HEIF B EIE 2
A HHH = : A AHHHEE el
g |8|3|: |5 E2 ERHE ELEE E
N L
N MARLY LIMESTONE, LIMESTONE, and 1 MARLY LIMESTONE and CHALK, LIMESTONE
o . CALCAREQUS CLAYSTONE v 1 CLAYSTONE, and CALCAREQUS CLAYSTONE
o
¢ ~ 1 = MARLY LIMESTONE, medium ight gray (BY B/1) 1 Fd 1 — MARLY LIMESTONE urd CHALK, 1) medium |ght
e o dark grayish green (EGY 4/1) ar dark gray (N3] with o o gray {BY B/1) and Kight olive gray. Few, regular, locally
N progressive varistions between. Lamines in the darker i o swirly lominations, Abundant white partiches [miciite
\ material are bettar dafined and close spaced. Abundant = alipsns) wiongated paraliel 1o bedding. 2} Dark gray (N3-
g white particles are calcified radioleria. Laminae often ir- Fa B M), densely lsminated, white partiches again common
N T 4 B
1 2 — LIMESTONE, Fight gray to vary light gray (NT-NB)
~ 2 - LIMESTONE, very light bluith gray (58 B/A—NT), Lo Often has traces of originel laminations, Grades into marly
N\ Intersaly has traces of origingl lamination. Many burraw SR flimestone and chalk, Often has dark bluish gray (BB a/1}
& bt types. Thess sre chten dark bluish gray (58 4/1) streaks e 1 wtresks. Cften strongly burrowed
= =™ and spots that seem to be sssociated with burrows (pyri- 5 =
E ~ tie?). Lithalogy often grades into into the marly limestone. a £ 3 -~ CLAYSTONE, 1) black (N1-N2) 1o greeniish black
Fp s [ [5G 2/1), often carbanacecus, and with pyrite nodules.
s L% 3 — CLAYSTONE, black (N1} 1o greenish black (5G 2/1) i 2) Greenish gray (8GY 5/1] 1o dark gresnish groy (5GY
o N cabonaceous nannofosil-rich; frequently with minas lami- — 4/1), homogensaus, but ofter hin burrows at tap if adjs
\ ? natioms. Often has graded silt towards hnl [rurbiditiel, 1 ‘cont to & burrowed unit,
= = s is also greenith gray (5GY &/1) to dak greenish gray (5GY T
N T | L = A elaystone, has wmall ¥ 4 — CALCARECUS CLAYSTONE, datk greenish gray [5G
R e " iy 1 burrows a1 wop. Usally layers <1 em thick. Normally 3/1), slightly burrowed calcareons claystons, probably
= Q T amociated with the darker laminated beds. fi=2 8 burrowed squivalent of the dark gray marly limestone.
= 3| N 3 Nata: A nodule of bisck chart in Section 7, 510 cm e Blg a Thin Section at Section 4, 88 cm i 4 radivlarian micrite.
== B T = Radinlaria are poorly presrved and replaced by calci
L - Thin Section at Section 5, B7—88 am |s a radiolarian cal- 2= [ Where the radialerion shells are densely parked pressure
I 3 carcout quartrose wITStone With pyrits and phaspharis ] T"’ solution faatures are svident.
L < x5 layers, Many of the radiclaria arn pyritized, 2 —
5 k.8 8 3 . SMEAR SLIDE SUMMARY (%]:
c B e e ¥ SMEAR SLIDE SUMMARY {%): = = 5,23
E o ——— N - 1,87 2.45 8.11 E|s "
= e e e BN T M D M 1 Texture:
= [ e e e [ Texture: = i £ 20
£ 3 o e ! Sand 9 - - £ [Canae Clay L
N =-3 Silt 11 B 3 G 4 H T Composition:
B N i Cly . . E 1 Quartz 1
N 3 Cosmposition: B = Mics 1
\ 3 Ouartz 2 = - = s 2 Clay 38
~ ek Clay B/ W 33 = | Carhonate unspec, 48
N % Pyrite A =, = e Cale rannatonin 12
i Carbarate unipac. 2 BE 45 m Plant debris 2
\ B Cale.nannotorsis 13 3 8 E
> i Plant debris 4 1 1 L.,
= N 5 Oher 1 = =
; | et : 1l |
; e oy I E——— LN i s = |
i e e T ' i
B = =
T =
ko - E—-: E é"l
Q ! 6 = E-
~ = o = |+
\ )
4 = &1
N
b
\ )
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SITE 534  HOLE A CORE 71  COREDINTERVAL 1167.0-1186.0m SITE 534 HOLE A CORE 72  CORED INTERVAL  1186.0-1176.0m
] FOSSIL o FOSSIL
- g CHARACTER g g CHARACTER
8 |zule]s Zle SulE|2|2[e] |B| 2
= APHI Ew |22 2 =} GRAPH:
£ EHHE 2 § E|E it LITHOLOGIC DESCRIPTION HEE g : E El & Pty LITHOLOGIC DESCRIPTION
P N HHEHE S 2 8 w3 1="1§ I z2)e8|8)| 8
= £ H H 3 = o = 5 - e % g‘
|- HE Fr E § =0 £ 183132
= g HE SR = z & = 2 |aa|32
I_. L . L T L -L ¥ i
o i- == MARLY CHALK, LIMESTONE, CALCAREOUS MARLY CHALK, LIMESTONE, CALCAREOUS
0540 T = 2 CLAYSTONE, and CARBONACEOUS CLAYSTONE 05 CLAYSTONE, and CARBONACEQUS CLAYSTONE
. - =]
1 i T w— —— Ll £ 1 - MARLY CHALK, medium light gray (N8I, medium 1 1 — MARLY CHALK, 1) medium dark gray [N4) with
3 ' 7 dark gray (N4), light clive gray (3Y 8/1), even finn lami- light olive gray [5Y G/1); very finely laminated, slter-
w—% E:.; mations with sbundant white partiches cancentrated paraliel 1.0- naten of darker and [ighter laminae 0.3 mm; some laminae
©m i -~ - + I . to lamingtions, Somse a bit darker, olive gray (S5Y 4/1) = aarbonaceous; 2] ofive gray (5Y 471) and derk groy (N3}
——— - ¥ and dark gray (N3], also with white panticles. a8 sbove 1) but darker; black (N2 carbonaceous laminse
4 E 10 0.3 em thick.
7 2 7 — LIMESTONE, light gray [N7) and light buish gray (58 8
’// ;'i 7, often with faint lemination. &nd traces of original =1 2 = LIMESTONE, light gray (N7} and light bluish gray
s = badding, Cp (58 7111, very highly Burrowed, with rare traces of primary
! tamination, and micro-stylolites: locally peiletoid texture
2 4 = 3 - CALCAREOUS CLAYSTONE, durk greenish gray & 2 especially within burraws.
= =L — IGY 471} o grayhh alive (10Y 4/2), cecurs most often
] == [, interbedded with limestone. 3 — CALCAREDUS CLAYSTONE, dark greenish gray
- § - 2 5G 4/1) to grayish olive [10Y /21, often graded, faw
Cm : v F 4 — CLAYSTONE, grayish black (NZ), masmive or very busrrows.
4 ==} slightly graded, carbanacecus.
= _E 0 4 = CARBONACEQUS CLAYSTONE, hlack (N2) and dark
L~ Note that Core 71 contains mare Burrowad units than o (N3N}, massive, unburowed.
% o ; Cote 70, A few graded intervals may be turbidites; paraliel
s A 17 lamninated units produced by some type of bottom current. T SMEAR SLIDE SUMMARY [%):
£ p == 141 1,140 3,28 8,35
g 3 ik Thin Section #t Section 4, 17-18 cm is a radiclarian = 3 BB M D
3 L I micrite. Radiolaria mostly elongate ruplaced by calcite, 2 o =g Toxture:
> B = ] Somw guartz grans and mica with minor phosphate and Sand - 5 - -
H g 7, E pyrite Section 4, 135137 cm it & dolomitic micrite with §’ Cm siir E 0 3 10
T Cm < = numerous dalomite rhombs. Terrigenous component of ; " Clay 9% 85 & 80
= == quartz, mics, and clay. 3 = Compasition:
B > Quartz 3 - 1w 2
] 1 SMEAR SLIDE SUMMARY [%): N | Feldipar 1 - -
=1 - LT 4,16 4,84 z 3 Mica - - & -
—] 1 M TS50 TEM —#:| Heavy mineraly - : 1
= Taxtiire: g Cm —— Clay 15 45 42 W
4 j St woE s 4 —— Pyrit 1. 4 T =
> — — Clay 0 8 8 = < - - Carbonate unspec. -] 30 5 73
-] } Compuaition: —E——— i Calc. nanmofossli 200 20 20 10
= e Guariz 2 2 5 S S —— Plant dubria - L |
£ 11 Mics =3 1 3 T T X Othar 1 - 5
- . - = = Y Heavy mineraly 1 - 1 1
T = Clay n 7 & o 1
e e s Cabonste unspee, 45 80 & 8 5 -3
e 1 Cale.nannafosils 20 10 15 4
e S w Pl Fith remains = L =
= Plant detris TR 3 5
5 N Other 18 3 5 .
en 7 i A 3 -1
£ R 3
iz il B
:§' ¥ ] £ =
cm St - { s
il o| B L L
= |Fm|Cm o e 6 — i
———
Fa e i T
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SITE HOLE A CORE 73 CORED INTERVAL  1175.0-1184.0 m SITE 534 HOLE A CORE 74 CORED INTERVAL  1184.0-1183.0 m
3 CHARACTE £ ARACT
R CHARACTER
o 4 E
8 A E gl 2 |2 gl z
2w =z =} w 2 gl &
e i g Bl |2 4 GRAPHIC LITHOLOGIC DESCRIPTION &y 5§ o é B |2 B | s LITHOLDGIC DESCRIPTION
"=“Eagga§§¥ w3282 ;égg‘g; F M
H HEE : i kel E
B M :
5 = 14 Z |5z| 3% 5 of
—— 2
-
=4
CLAYSTOME, LIMESTONE, CALCAREQUS - 1 MARLY LIMESTOME, MARLY CHALK, LIMESTONE,
B CLAYEY LIMESTONE, and MARLY CHALK o /- '; CLAYSTONE, and CARBONACEOQUS CLAYSTONE
2 e =
1 — 1 = CLAYSTONE, olive gray (5Y 4/1] to gresnish hlack o 1 i . ?:‘J 1 —MAALY LIMESTONE and MARLY CHALK, gray (5
,.?. 56 2/1), moderatiey laminated and massive. — 8/1) to light gray (BY 7/1). White particles common [7
c 1 ¥ 2 Hlattened radiclaria), Occasional macre-bioclast (e, g, shall
S i 2 — LIMESTONE, light gray (N7] 1o light blulsh gray (BB v = and aptychi) and burrows dark gray (Y 4710, Often has
- 3 7/1), moderately to intensely burrowed. claystone leminas.
cm n -1/
S 3 = CALCAREOUS CLAYSTONE, greenish gray [5G 8/1) - 2 = LIMESTONE, light gray (N7] to lght bluish gray (58
b to dark greerish gray (5G 4/1), laminated anel burrowed, ’ T, burrowsd, often darker gray toward basa, grading
= bl £ grading into marty chalk. 7 dhown ints laminated marly limestons.
2 i 4 = CLAYEY LIMESTONE, light brownish gray (5YR G/1) o 2 il % 3 = MARLY LIMESTONE, dark gray (5Y 4/1-5Y 5/11,
% 1o alive gray (B 4/1), laminated. Grades intc marly chalk. ¥ * moderately burrowed, intersaly smociated with claystone
......... laminas, Burrows disrupt the liminated intervals.
o 5 Ditfers. from Core 72 with fewer, thinner intervals of bur- "
- ?-1 rowed limestone  Very little carbonaceous material; more Vd 4 — CLAYSTONE, black (1) 10 dark gray (N2] 1w (5Y
g =10 I O O I = ———— o claymone. s 1 - 31} often carbonacecus. Alio dark greenish gray (5GY
Yy 41} to greenhih gray (5G 5/1). Claystones are homoge-
? 4 -3 SMEAR SLIDE SUMMARY [%): _/ 3 neous with rare chondrite burrows and other minar bio-
3 E_. 1,10 1,30 2,33 2,118 8,70 s * turbation 81 top, snd often have graded siltstone (dark
= | ¥ i B D M D M M " e i = gray} below which s microcross-laminated, Core 74 has
E|s 3 Tanturn: ] b imuore carhanaceous materisl than Core 75,
3 L, Site i W e W al3 . %
Clay 90 87 0 90 % P H The Thin Section at Section B, 7173 cm i & clay-rich
. Composition: sl 5 vadiclarian micrite. Radiclarians are strongly fattened
- = Quartz - to2 - = 2| 8 P and replacad by calcite.
= k- Clay W W W A v
é-q Pyrite - - 1 1 - g 7~ 3 SMEAR SLIDE SUMMARY [%):
i Zeolite = 2w on 2: 2 8 = o * L2 LT L9 526 458
T Carbonate unipec. T T T M M s} L) M
1 ™ Cale. nannofossits 5 40 2% 50 40 HIES T e — [ Texture:
8 _?- Fish ramairs - = = = 3 e / 1 Sandt 1 1 10 3 2
=2 Plant dabiis - 2 103 v siit 1 (] 0 13 B
cm 4 =) Othar - - 5 2| e 4 % v i Clay 8 80 M 84 %
2 ] a Composition:
L |4 Cuarte 1 4 -
- ; Faldpar = 1 5= =
L2 ] Mica - - - 1
VoD 5 B Heavy minerali = - 2 - 1
2 _:_ Clay a5 4z 43 38 [
L Pyrite = = 3 1 2
& == T Corbonateunpec. 20 26 PN
o B cn 2 Cale. nannofossils 30 0 o« »
1] 5 T_’ Plan debris 4 a 10 2 ?
— £
Bp|Rp cc = g
7
kX
=
—
1
B
=1 b .
c —
Ed




SITE 534 HOLE A CORE__ 75 CORED INTERVAL  1193.0-1202.0m SITE 534 HOLE A CORE 76 CORED INTERVAL 12020-1211.0m
2 FOSSIL 2 FOSSIL
“ 5 CHARACTER g 15 CHARACTER
- EMAEE z| e g [2.=T= @
ESEEIHEIER =4 B GRAPHIC cr [S2]E 3 2 E = GRAPHIC H
iz 1 E g HE E E LITHOLDGY 9 < LITHOLOGIC DESCRIPTION L ;E N E H 3 £ ﬁ LITHOLOGY H LITHOLOGIC DESCRIFTION
SAHHHE £ TE S AHHHEEE £3H
|8 § = o 3 = = =
A HEHEEE 3 MHHHEE FEH
- T Voo I T
Vd .o 7 -1 }'
t- CALCAREQUS CLAYSTOMNE, LIMESTONE, and + T 4 MARLY LIMESTONE snd CHALK, LIMESTONE.
& 8 7 E MARLY CHALX os s and CLAYSTONE
=/ H
1 v (v 1 — CALCAREOUS CLAYSTONE, olive gray (5Y 4/1) 1 5 1 — MARLY NANNOFDSSIL LIMESTONE and CHALK,
with laminae of light clive gray [5Y 6/1) and massive cm ¥ gray I6Y 5/1 and §Y 4/1-5¥ B/1) with abundant calcified
lavers of olive bisck {BY 2/1), grades into masly chalk. racticlaris, Laminae sbout 1 mm to 1 om sort of alternating
[ earbonate-rich and clay-rich mateslal, The clay-rich laminse
o A 2 — LIMESTONE, light bluish gray (6B 7/1) 1o ight olive o v e dark groen-gray end organic-rich (Smwear Slide Section 4,
' gray (5Y 6/1). Leminee visible, but slweys intersely bur- 4 - 15 em), and resamibis the other cleystone leyers.
V4 [z renwecl. - L
7 F—d . x 2 = CLAYSTONE, datk greenish gray (SGY 4/1 and
Cp i 3 — LIMESTONE, light olive gray (5 8/1) to alive gray 7 5GY 5/1), nannofossil and terrestrial organic-rich, typically
7 . = (6Y 4/1), a3 abowve but finely laminated, with massive / 1-2 cm thick, ususlly has microcross-bedded ilty fayer
2 S : — j i claystone partings up to 1 em thick. cn 2 = / bereath ardt indications of upward grading st base, Wel|
S T S — ) ™ dafined imecvals (38) this core,
Y L= 4 —~ MASSIVE CLAYSTONE, olive gray to dark grenish == 4
=2 gray (Y 4/1-5GY 4/1) and olive gray [5Y 4/1) to gresnish = ) - 3 — LIMESTONE, light gray |5Y 7/1 and N8| limestore
i 4 black ([BG 2/1). Burrowsd limestone still lhundllnl 0 i M usually thows disrupted laminae, Typically B cm in thick-
_ = Vg = Core 78, but little carbonaceous material. Intersity of v nass. Three definite and & partially developed zones in the
8 ) . Burrawing decreases down the core. il L -  sections.,
B -
2 E Thin Section st Section 2, 8283 om i # radiolarisn micrite = . Mgl ! -1 Mote this core s marked by return of wrbiditic claysones.
cp in whigh most of the radiolaria are replaced by calcite, o 1 L Core 77 has much more bioturbation. Care 77 & similar 1o
3 ——— g * # fow ww pyvitized, At Section 8, B0 cm is & radiolarian & S S ™ Core 74,
g 3 b v calcarsous claystone with esiciie and  pyrite-roplaced E 3 ) l
L 5 2 radiolarian in & dense clay matrix, B o s e 7 2 Thin Section: Section 2, B cm is a very finely laminated
7 E % % an micrite. Sectaon 3, 53 an s @ typical ragiolerion
W SMEAR SLIDE SUMMARY {%): - e
L 1,19 1,22 2,68 3,58 §ls L
I D M M D 2 L rom
£ H Texture: ] =
2 e ~
£ —— Sand 2 - - - £
g B v - st B s 10 @ & co = 7
s [ 3 < E Clay B0 85 B0 70 i ]
= ~ Compasition: o = e T
4 - Quartz (R T 4 ——— ]
2 Huwvy mineraly LI 1 = B 'z =
ol P - 57 4 8B W v
13 Pyrite 2 1 - - o
3 Carboratsunspee. 16 20 - B0 e
i< Cale. nannofosils w B X 5 —x=
= 1 Plant debris 32 2 2 1 ' - . ==3
cp Othar 2 3 1 3 B S W 1
=L & -
/ 7
5 Ve 3 5 fi |
/[ =l
g 7 +
—4== A
e X
== =3
| o 4
- L . i '
T Yty Zz 1 &
~| | o === =" 21 e L [ 4 z
3 o e e s i 3 4
= &
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E = = £
. B|Co n ra
=B | 4
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SITE 534 HOLE A CORE 77 CORED INTERVAL  1211.0-12155m SITE 534 HOLE A CORE 78 CORED INTERVAL  12185-12245m
B FOSSIL ] FOSSIL
i E CHARACTER - ; CHARACTER
8 |zu[u]3 ol AR 8 |=.le]= z| w
e |S2]|E : AR GRAFHIC Zelog 2] & ol & GRAPHIC
15 |55|5 ] E E S £ | umoloey LITHOLOGIC DESCRIPTION =HEEEHE g E| £ | umiotocy LITHOLOGIC DESCRIPTION
¥§§§§g§*‘ ;:gzigﬂ%gz B s
= ] F 2 L =1 ;
5 §=:|5_ S §§§a§3# Be
=—=of L ER
— — L
MARLY CHALK, LIMESTONE, CALCAREOUS 7 MARLY CHALK, CLAYSTONE. and LIMESTONE
CLAYSTONE, and CARBONACEOUS CLAYSTONE ‘<
- 1 — MARLY CHALK, light gray INT] and light alive gray
1 1— MARLY CHALK: 1 o (5GY 8/1); often with whits particles (radiolaria) clay
A: medium dark gray (N4} and light olive gray (5Y &/1], B T “ e 3 tedding lamirse; grades into darker laminated medium
1 scattered white particies but not as sbundant s cones 1.0+ < m ark gray (MBI and alive gray (B &/1),
. T above with afternating light |calcarous] and dark (cisy cp i —=
<+ T rich] laminse. — e R = 2 — CLAYSTONE lsiity), dark gresnish gray ISG 4/1),
' '_._' - B: dark N3] and ol BY 41 of sssentiall e — greenish black (SGY 2/11, medium gray (N5); occurs with
% the n....’::m::“m m:‘uz:‘:, ot :.:M 10 .,:u: = : =L i green and black claystones; minos intarvals of calcareous
= abowe thi burrowed limastonss an marty chalk. ¢ gy = = i = ity claystone ar curboraoesus chaysione.
- / =N 3 — LIMESTOME, light gray (NB] light geay INT), light
T 2 — LIMESTONE: light [N7) to light blukn B
5 == B e oy e . Z Bhush gray (5B /1) with darker burrow fills sndl vague
— mure abundant than in Core 76, & I it
4L
E 3 - CLAYSTONES: & 5 4 — CLAYSTONE: .
- Gaochemistry A dork gray [N3) e tlack (N1 massive and arganicrich, &: dark gray (N3] to grayish black (N2} massive, @ fow cm
x saveral om thick, } thick.
e = 8: darkc greenizn gray (56 4/1) to greanish black (SGY 2/1), iy g:‘:ia:mwn_“ :..T:uﬁv 411} to greenish black (5GY
mamiive, thinner than the black claystones; rarely has silly E B R —— g i .
=) Isminated bass and gradi ard appearance T
g ,;_:;:,L e me i3 fule i 3 e N Sections 1 and 2 are burrowed end have clayitone while
i N T c ¢ i o v w— Sections 3-5 are uniformiy Lsminated chalks with oces-
] i = == Thin Section st Section 2, 1617 cm it radiolarian micrite, £ 3 === sional claystone layers. Much more uniform than previous
—— All the radiolarisn shells have besn dissalved and infilled .§ e Y oL
- sparry calcite. icriti i i i <
E == :: s a:»l‘;;':';:x';":ﬁ::’:“: ‘:Iﬁ 3 o S e Thin Section: Saction 2, 33-35 cm is & radiolasisn micrite
= .- ! it i -1l L L L . o ¥ i
g i migritic limestone, 7% replaced radiolasia, 15% terrigenous, i I — 1 with all the radiolaria replaced by sparry caleite and pyrite.
2 75% cament, and 3% pyrite. H Iy Saction 3t 78 em Is vary similar.
™ 5 it Y TR
= 4 B e SMEAR SLIDE SUMMARY (%]
2 e s i 1,42 2138
S T —t by P
4 - i ' Taxture:
- e s v | Sin 0 15
z Co U T O n Clay 30 85
| v ' Campotition:
5 ey e i E Ouartz 1 3
~ f5 Mica 3 1
e - N Clay 63 42
I~ Carbonate unspec. 5 10
[ [ ——— Cale. nannofossils 15 4D
fin B v iy Plant debris 4 2
[ T —— 1 Orther a 1
. b e ey e
z 5 iy s e
Cm T : ==/
r—
= g
= | Bjce gt
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SITE 534 HOLE A CORE 79 CORED INTERVAL 4.5—1233.5
2 FOsSIL — i o SITE 534 MOLE A  CORE 80  CORED INTERVAL 12335-12428m
« |E CHARACTER £ FossiL
5 15 reTe alg « |2 CHARACTER
45 esu—iﬁ | = GRAPHIC H M EMAE |l &
1z |z8|E B[z 5 |5|E | wHowocy H LITHOLOGIE DESCRIPTION e |S2]u ] 2| & GRAPHIC
w3 g i £ § 3Ileal8] & o P EEEHE 5 E LITHOLOGY b LITHOLOGIC DESCRIPTION
|8 (2183 £ ] 2718 |3|¢g 8la EEEE 4
els i) iz b F
s |8}2|3 3% = 3 |E ; S =]
= B |82 H E &
. ' B
MARLY CHALK, LIMESTONE, and CLAYSTONE > 2e
= ¥ 2= MARLY CHALK, LIMESTONE, and CLAYSTONE
1 — MARLY CHALK, iight gray (N7) and light alive grey ; -
ce j T i i M < = 1 — MARLY CHALK, light olive gray (5Y B/1) 1 olive
Iy s e f andl scattered whits particies (caicified radiclarin); varies 10 = < == ey YA ool iy YR desineted,
o F T darker taminits, medium olive gray (N4) and ollw gray w5 3 sumpti ik oo e 155 W) Somar 1k
T — — Y = (5Y 4/1), ey { | I |=rc Codkind b
- pE==—— I
= 2 — LIMESTONE, tiht gray (N7) to Iight biish gray ===-|4 * AR
o e = (58 7/1), massive bicturbated, ally with and — oty ] At wery light gray [NB), to fight bluish gray (58 7/1),
T ) iRy oA g E==——=xN H = intensely burrowed and sometimes with tsmines.
I = v fr—1 B: pinkish gray (BYR 8/1) ard greenish BEEY B1)
cm e m— E 3 — CLAYSTONE, dark gray [N3) o geayish black [NZ), o 3 1 L1 nminatad in piscas, intansaly burrcwad., -
s massive, be e ; .
= 2 e ——— ”, E i uuwlr':nI:T:t-m ;:lu« wnd somewhat graded a1 basw, 2 T - — - C: pinkish gray (BYR 8/1) and greenish gray [EGY &/1)
z = s ==\[II[*F At
11 i 1 i — o - =~
B s e B — The first 2 sections continue trand of Core 78 in that they ——— i greeni
i e s P = Fave no burrowsd units. Thara i no green clay after Sec - ? " — ?EEZCEII-:\YSTONE Sasiiies i ek
i i E tion 2 and no  black claystone in  this  core . H ;
e . ™ N kg 4 — SILTY LIMESTONE (minor lithologyl, Greenish gray
=l i} ATl Becilon oY s kwibie: IBaclion 5 F1C18 G . e =—voio [6G B/1) 1o dark greenish gray [5G /1), laminated and
o ===l nl : s & radiclarisn micrite. Raciolaris are qulte wall praserved . : % . Keatsioty burroseed,
_E/ i and replaced by calcite; rare quartz graims, mica, and 5 Ll = contrt i .
s i ====== va—rn minct phosphate, Several f the laminas ace densely packed 2 3 N _”_ 28 ::rmlnd 1;«-:;:':;:"'m :m;c‘!::n‘:":';'::
T - { " = —— y i
=== i '" = with radiolaria, others are more scattered. & 3 a1 : =1 i & micritle limestone with cccslonal pyritiosd rediolarls.
= I T e ol Section 2, 78-81 om is also & radiolarian micrite. Some
n n v SMEAR 5LI MARY {%): = Cp Vi iy
&l _—— n _! LIDE SuMI 110!1&! >h A radiclaria infilled by micrite, others with sparry calci,
HIE ==p B 3 3 ~ 28 Very dansaly packed radiolarian 2onas may result from
[ 0 H Texture: ‘\\ curment winnowing.
] I = "
3 A= o : <~ Yo SMEAR SLIDE SUMMARY (%):
= —— RN = Clay P = 2,66 3,36 4.19
z - — n— Composition: P ? » L
: Am o w—— P —— sl Taxture:
o 4 I 1 ya= Quartz 1 ] San
e = Kakhiie . iy a " == d - 1 1
e e i — Mica 1 & i ok PR
= - 28 Clay ® 8 &
ool 5 | Heavy mingrals 1 ; Cp A > m Comgesition:
B i ; —] Clay 43 B — Ouartz E 2 2
. e e = glr:wwm x 7 voID > Feldspar 1 1 1
(o —— = nanng 3 — |11 Heavy mineraly 1 3 3
v = Plant detstin 3 Z | el 62 0
Cm S ) o Pl g ] ~ i 73
B o v 4 = | Drill_Debris pam Carbonstaunipec. 30 24 10
e | - Cale, nannotossils 5 & 20
. e A = :: Plant debrls 1 = 5
n S v —— i — 3 =] Bls " T I 2
= B E ]
= g e =
s - — e =
% i n =
=== ==l
% o) [ ‘ =" [
i =y lolo| | | o
IS — m B
ale =
= L E
+ < [
Fp 3 i — é:
il F
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SITE 534 HOLE A CORE 81 CORED INTERVAL  12425-1261.6m SITE 534 HOLE A CORE_ 82 CORED INTERVAL  1251.5-12606 m
g FOSSIL g FOSSIL
i@ ; CHARACTER " g CHARACTER
g8 |z,|el3 z| 2 - EMAE
= a =] R o & HE
- H HE § g |E|lE a:lm‘::gg\r b H LITHOLOGIG DESCRIPTION Sz E§ 4 g g g = ngfggv LITHOLOGIC DESCRIPTION
wIENIZ| B S a8z 2 w3 |22 2] 2382 8 2
A : S AHHHE :
aE-L-n' g S |5]3]2fEE i
Cp = B
E | # i - voin
——===p L , CLAY-RICH L  and 2 f e i Fisktle LIMESTOME and CLAY-RICH LIMESTONE
[Ia======p = BLAYSTOHE os =< 5" |s
Co = < R e e I — LIMESTONE, light beownish gray (8 H /1) and olive
1 T 1 — LIMESTONE, light brownish gray (5YR 8/1) and o 1 e gray (5Y B/1) with dark greenish gray (GY 4/1), lams-
 — — 1 light olive gray (BY 6/1) with leminoe of dark greenish - . nated. Sometimes wavy laminss pccur near gredations)
o T T = -1t
12 T—— 5 gray (BGY 4/1), 10 % z contacts with bioturbated limestonms.
T/ | £ B 3 T
B 2 — LIMESTONE, olive gray (B 4/1} 1o ofive bisck [5Y £ . < = 2 — LIMESTONE, very light gray (NB) to dark greenish
voio 2/1) with leminse of light olive gray (5Y 8/1), E| L ] = Orill Rusbtrbe gray [5G 4/11, moderately 10 intensely burrowed.
p ——— a |3 ———
PR — 3 — LIMESTONE, very light gray (NB) to dark gresnith =3 e e . B il 3 — CLAY-RICH LIMESTONE, allve gray (5Y 4/1) to
& 8 —%ﬁ gray [5G 4/1) laminated and burrowsd at top and base; = ce|l (B2 = - oiive black (5¥ 2/1) with light olive gray (5 /11, lam.
= intensaly burrowed inbetween. Be==———=u inated.
Co = Cp ——— 7
ol B 4 — CLAYSTONE {minoe lithology), dark gresnish gray = |e|Fe —————p o 7 Smaar dlides all contain abundant calcarsous nannofostile
P {5G 4/1) and olive bisck {5 211}, Thin Section (Section 2, 4042 cm) is & radilarin micrite
with vary fiea shell fragments and numercus radiclars
H I —— - Care 82 by contrast contsing much more pure fimestons, replaced by calcits. Some of the radicla
b= - - - Thin Section @ Section 2, 79-81 om i a radiclarian i yloli nd scamie of the
? = = micrite, Radialaria sre replaced with micrite or iparry
caleita, u fow pyritized, Minor phosphate (7 base debeis). SMEAR SLIDE SUMMARY (%)
s Some laminations ars denialy packed with radialaria. 1,32 1,44 2,55 CC
= o o M D
2| s c L SMEAR SLIDE SUMMARY [%]:
Z| [ee 3 1,35 1,83 1,79 1,84 477 "o 7
0B D M D M 83 88 83 @
= Tausture:
1 Sand - 2 1 13 2 [ 5 4 2
== Drill Rubble Sike s & 2 1 & 7 & @ &
" Clay o5 B3 @7 B3 o4 7 8 7 13
a L Compaaition: Colc. rannofomin 40 41 42
" Ouartz [ T S S |
Felds U T T B |
2 g o= s rhli R VR - SITE 534 HOLE A CORE 83  CORED INTERVAL _1280.5-1268.0m
= Co LI Clay B2 0 & 10 & ] FOSSIL
4 v Carbanate unsgec. & 2 B 10 B4 & g CHARACTER
- Cole ramvofomsili 10 50 30 10 &0 N EMNE z| »
2 oW = = >
s Pl abeis vos: koA il EHEE § Bl (25 | (cpmome |38 LITHOLOGIC DESCRIPTION
. . R HHHEPEE 1P
» g |5 ; g B ?j E P §
= § z Bk 3
L ; I
N B
=
N - L LIMESTONE, CLAY-RICH LIMESTONE,
e ==—————Nii] B anel SILTSTONE
¥ = i—’
! . i — LIMESTONE, light biush gray (58 7/1) to light
—x_: T : (] greenish gray (5GY B/1) to light gray IN7) to greenith gray
|-0_ oy 1 [ {BGY B/), hard and finely wellcemantad caleilutite
£ e N [ i which is moderately 1o highly burrowed, Busrew-fill inter-
P e B 1 val otan light gray IN7} 1o mediam gray (NS]. In places a
= =2 rodulal texture it present, nadules up to 1.5 cm in dis-
1 “ b e matsr with greanish gray wimsks sround sdges (7 peesurg
i B solution eftectsh, Virtually unteminated.
T T o B 1
pE===m—N I .- 2 — LIMESTONE, light alive gray (5 6/1) greenish gray
2 . ' (BGY B/1), olive gray [5Y &/1), brownith gray (BYR &/1)
1 H = and intermediate, A few shells andl aptici, Several dark
o ~ bl a Tearbonaeeous aminae — finsly laminated, and few b
3 row,
@ EE=———— N [z 3 — LIMESTONE, mixed type of 1 and 2, Highly tur
% T - rawed, but ariginal lamination sill visible,
— i
E = > b 3 4 — LIMESTONE, m in 1 but more oxidized. grayiin red
& = Y ISR 4/2) 10 moderate red (SR 4/8) to gravith orangs
L . L S pink (10R 8/2).
2| L.
;‘ Co a —— N ; { 3 & ~ SILTSTONES, mixed. light ofive grav (5 6/1)
——— i 1
E p—=——=r ¥ =2 SMEAR SLIDE SUMMARY (%!
: 1,61 1,22 494
: ==l |
- N ":; Texture:
“\ I ' e Saned - - 1
=11 sit 3 3 &
~ 1 | E?'} Clay a7 @3 &
; [ e—— Compasition:
4 B e — ™ [ Curtz & - 1
——— ! 4 Heavy mineraly - - 1
2 cp = Y11 I Clay 62 &4 15
= lam|cp ===—cpIl Curbonstaunspec. 17 9 12
- Cale mannofossis 27 27 70
Plant debris =5 = 1
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SITE 634 HOLE A CORE 84 CORED INTEAVAL 1286.0-1277.0m SITE 634 HOLE A CORE 85  CcORED INTERVAL 1277.0-1286.0m
i FOSSIL & FOSSIL
" s CHARACTER - ; CHARACTER
A EMAE gl 2 > MAFIBEREHE
= = ) =
Ex EHE ] E g 2@ | R LITHOLOGIC DESCRIPTION %E 228 AE g |E| E | DeaHe, LITHOLOGIC DESCRIPTION
gl=x{z|el5| 3 .al8) & 3 " glan]z| (3| I ul2] & o -
£°|E HEIER ég al = E = H g ; HEIE E b
S AHHHE T B T H
& |s]=|=|sa 3 = z | 2 |Ga|d= g
e w| |8 = -
b L I P 1 ! MﬂﬁL;:;:gg;;ﬁ':::::“ and Cp r : ._:_1 : rom P L} LIMESTONE and NANNOFOSSIL CHALK
Okﬁ-—!-—_— Fa H 05 A
pa it i A P 1 3 1 — LIMESTONE, bluith white (58 B/1) 1o light bluish
P | N P TR T T g 1 = MARLY NANNOFOSSIL cﬂmx. greenith gray (BGY 1 1 Ve B gray (5B 7/1) to light gresnish gray (SGY 8/1); highly
P o e e e % B/1) 16 5G 5/1), tramitions! 1o limestone and very heavily " = - i) T burrowed and vaguely laminated, Laminations which are
1.0 W - busrowed, Burrows can be both darker and fightar in tint [ ——= o peesont are durk greenish 10 gray [5G 4/1) clay-rich, and
7 than the host sediments, In most cases bioturbation hay e e V4 - mach 1-2 em In width, though usually sre 1-3 mm.
mverely disrupted and original laménsted texture. A variety —— 3
s of burraw Types. = = — = e [ Y " |+ 2 — MARLY NANNOFOSSIL-CHALK, light ofive gray
5 ———— ! ' (5% 8/1) and olive gray (BY 4/1) to greenish gray (BG 8/1)
2 = NANNOFOSSIL CLAYSTOME, dark greenish gray 1 . e and medium bluish gray (58 5/1); well-laminated,
L (BGY 4/1 and 5Y 4/1), Laminae of clay-rich materisl are e e 4 "
Y ; spaced about 05-0.3 mm apart, Occosionally & chiy- E: J_.“ " e — 3 - Combinaticn of 1 and 2, burrowed but lamination
2 F) rich layer is up to 1.6 mm thick (rare), 2 1 clearly visible. In Section 1, B5 cm a microfault. Saction 2,
Cm Ce — 75 em han incipkent micronodule lexturs, Section 4, B—100
e M These two lithologies smoothly altarnate with about » 1 2 em hay stylolites and micro-faults. In general, tha lima-
20-50 cm spacing between |aminated zones, The main 1 t— stones become purer and more aburdent downward in the
Tk lithology 14 therefore both | and 2 combined, wome mons oo,
distinct towards base of core. No hint of red tints seen s 25 1
B 3 k = MAR :
=L n core. E » 5 SMEAR SLIDE SUM " :1?1&
SMEAR SLIDE SUMMARY (%): a ™ ; ,.‘§. M D
g 4,84 5,52 = — Texture!
4 i o o 5|8 7 E Silt 1510
cp 3 -~ ; Texture: E 3 5 Clay B 80
Bl s Sanl LI < Compusition:
= . Site 2 2 ] 1 5 Quartz 1o
7 Clay o7 er k] Y Miea 1o
Composition: o Hamvy minaraly - 1
i Ousrtz 2 /s | Clay 51 26
= - Mica 1 TR EX Glauconite T -
§ ——— Heavy minerals i 2 ] 5 Carbonate unspee. 16 85
] s Clay 25 30 P L Cale. nannotossily 2% T
co) B > Carbonate unspec. 5 5 o Cp [Co 7 12 Diatoms I
— Cale. nannotossils 88 &0 £ e i3 Radiolarian 1 2
2 4 o 4 Piant debris 1 1 4 # = Fish remaing 1 -
ST L L et by 7 Plant debris 3 TR
i 1} ; .4 1
74 a P
i m ] e 7 I
1 3
o /[ il
B e w m P i
3
P4 . ; i
~
5
5 7 F
|l o 2
[ o Z !
1 i i i / /
o s [ i
Cp cc L
o s
r T S
1 L L L i = L /
cm [ o v P [
& A i - I
e e ——
= o o e e
= 3 Ve
3 .
o
/7
b d c|7
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SITE CORE B CORED INTERVAL  1286,0-1286.0m SITE 534 HOLE A CORE 87 CORED INTERVAL  1296,0-1304.0 m
2 = FOSSIL
k3 4
§ £ § g CHARACTER
Bw|g El B Fuw|B| 5|8 a EAR
N EHH g GRAPHIC ee |22|E L =i GRAPHIC
1z |58(E E E LITHOLOGY LITHOLDGIC DESCRIPTION '§ £g|t § ] E = E LITHOLOGY LITHOLOGIC DESCRIPTION
?35 H %= g3 |2 ;ggiggﬁas BE 8
= : g HFEE £ §
s |E FEHEE 53 ag H
7 w S
LIMESTONE and CLAYSTONE ;‘ i o LIMESTONE ard CLAYSTONE
05~
1 — LIMESTUNE, bhuish white {58 9/1) 10 vary light gray & —=—=———a] | [E Fa 1 — LIMESTONE, light gray [NB) to light gray IN7) mod-
1 (NB) limestone. Chondrites especially noticile, May show 1 = —— S erately to highly burrowed, locally micronodular often
incipient micronodules structure, micrafaults and micro- [+4 s [ T, with medium 1o dark gray (N3 clystone laminas which
sylolites, Vague laminations of dark green colar, very fine 1.0 - ": . : e wavy and anastomosing, These [sminae are componed
(<1 mml cloy laminae. Leminaticns are usually wavy m H of claystone,
and may be cut by other laminations, no obviow grading :é I I .
or othe: wdimantary sIrUCTureL 7 ]" 2~ CLAYSTONE. cark greenith gray (5GY 2/1] calcarsous,
— 1 merges with fimestone. A few thin beds are graded and
2 — CLAYSTONE, dark grewnish gray BGY 4/1), usually . ; o B parallaklaminated avar 1=2 mm at bass. These are partlally
<05 cm in width, Bottoms and tops narmally sharp and co a = mmrr Turbiditic.
pass Inta & waries of thinnar laminations. a .| '
3 ==l = Stylalies prominen in Ssction 3, 87 om and Section 5,
Section 1, 64 em, gray vitrsaus chalcsdonic quara chart = ni Y 8787 cm.
E - nodule, Section 3, 60 em, micronodular texture, This core LT
£ = continues the trend of Core B4, All laminated chalks hive - 1 =2
;§ . ditappeared = i =
2|8 - SMEAR SLIDE SUMMARY {%): wll) I o
|3 ] 140 1,46 2,38 :ﬁ/h}- K
5| oMM ====: i
§‘ E . Tiotiorai L E '1‘.§; ',
= [ T - Tmn_,_n. wl*
= 3 i Sitt 4 4 T E 3 = i k
- Clay 86 94 80 2 T = "
e Composition: > — =2
= Feld - : : g % 7 Hl
- par - - 1
Cp
Mica = = 1 =1
Clay | B4 49 . Vs ; SMEAR SLIDE SUMMARY (%}:
- Carbongseunspec. 30 15 17 s 2,32 3,52 4,84
Cale, nannofossily ¥ » B 3 =2 M M (M)
1 Texture:
) B 1 Lil_ 1 Sity 1B 3 18
4 A 4 3 e Clay & M
1 e et Composition;
z . g - I ¥ Quartz 12
‘é = Mica ? 2 2
E == 0 = Heavy minerals |
- === 1 Clay 8 40 45
1 e /illl |, Pyrite 3 = =
3 5 B Cp i T Carbonate unpec, Ful 10
= . e Cale. annofossiti 10 10 &0
== ———— i amain 1, =
e
5 Tyl = ant cabriy 3 2 1
=N
£ === ]
E Fp = —1 L
g 8| F—===xi
= Fp F —
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SITE 534 HOLE A CORE B8 CORED INTERVAL  1304.0-1313.0m SITE 534 HOLE A CORE 89 CORED INTERVAL 1313.0-1322.0 m

] FOSSIL & FOSSIL
s ; CHARACTER S g CHARACTER
g |zue]2 Zl g -REMABEE z|l 2 -
ex |22y H g 2| s GHARMIE i LITHOLDGIC DESCRIPTION L EHHELE B || & GRAPHIC 3 LITHOLOGIC DESCRIPTION
R El s E sl g LTHoLoGY L3R 'Z 1SR g Ely 5 § uTHOLOgY: g i
w 4 § SlaBlul = = = w = & & 2
= = al.= w = r ) ET|E |5 2 g EElg
= |8 é 5‘ L = oig |3|2|35]e8]52 =
BHHH 3 ERHHE 3
e ==
i LIMESTOME, GALCAREOUS CLAYSTONE, ==l 3 LIMESTONE sod GALGAREOUS CLAYSTONE
B pr—————}
T and CHERT R |Re sy
cn < e =2 T — 5 ; L. 1 — LIMESTONE (major lithologyl, very light gy (N8] to
1 T ——— g AP 1 — LIMESTONE [major lithology), very light gray (NB} 1 1- = gresnish gray (SGY B/1) and light bluksh gray (58 7/1),
- s o [ 10 greenish gray (5GY 6/1) and light bluish gray (68 7/1), < L moderats 1o intense burrowing. Stylolites present thraugh
1 B = = madarste 1o intenss burrowing with varying amounts of Cp 1 1 . out the core.
AEE 1 lamination, Stylolives present throughout the core.
—— uE 2 — CALCAREQUS CLAYSTONE (miner lithologyl,
—— 2 - CALCAREOUS CLAYSTONE (minor lithologyl, 77y Ll B 2 gresnish gray (EGY 8/1), to dark greenish gray [6GY B/1),
_ gresnish gray [BG B/1) to dask gresnish gray [5G 4L lemingted, Most lamings in the lmestone sre composed
Cp -‘ somatimes burrowed but mostly laminsted. Most of the o ~ N of this lithology. Laminas sre mostly wavy.
- ' mingr laminse sppear 1o be compossd of tis Iithology, ¢
- = All laminan are samewhat wavy, often stylolitic. b L] Rl - Section 3, B3 em, is 8 ponible microbrsccia of unknown
- Pl [ erigan,
r " -% 1 3 = CHERT (minor lithalogyl, lignt gray (N7 to fignt 2 7
e " Bhulth gray (58 /1), slightly mattied, vitreous, chalcsdonic 2 ' SMEAR SLIDE SUMMARY (%)
e == chert formed by replacement, P lI).ai} ‘:).7 ;.lu;.a?
—— — —
L
e Facies similar to Cores 87 and 86, ™ ; i L Taxture:
=l e ! skt % B B B
= SMEAR SLIDE SUMMARY (%): = =/ Clay % 1 T
% L = 170 2,1 o [ == ' Composition;
Fp ' MM § 2 e AR Mica I T
E i Tatanet ; ; T ' Clay M - &8 45
£ § 3 B st B 1w E - Fml 3 e g Zealite 2 1 - 1
B I—-'? Clay 85 90 2 i Cubonate unipec. 20 25 36 35
£ | Compositien: % E / - Cale. nannofouils 5 5 5 15
& = Ouartz 2 2 7 . Fish remain g 1
F Feldspar 1 - G Plant debirh 1 1 1 1
i Mica 1 1 5 = =51
L] Clay 62 T 1
Carbonate unspec. 25 20 o o .
= Cale. nannototiiis B 5 ol —
K e Plant debris (A i :
Other - 1
Cp 4 1 4 j -
e
= = P 5 |
» | e " B
a L
s 1] =
o b 7 HOA I
f - 1
‘ 11
=W i _—
' 1
a
) ; z Ll
% By
=2 B Fp v m _\_- .
= s
: ' | ==/l |
5 =—voi | |ro lee| L
% 3 L X f=
= e li f
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SITE 5634 HOLE A CORE__ 80 CORED INTERVAL  1322.0-1331.0 SITE 534 HOLE A CORE 91 CORED INTERVAL  1331.0-1340.0
g SSIL = FOSSIL
% CHARACTER z CHARACTER
§ : b g | & § 2 IR Zle
=ule | - >
e (22|18 Bl |e| & GRAPMIC I v |S¥| & H 2| & GRAPHIC =
12|58 % § E 5 5 E LITHOLOGY § LITHOLOGIC DESCRIPTION 'E .;3 s § 2 5 ": LITHOLOGY ; LITHOLOGIC DESCRIPTION
g7 (2715 5]2) 2|e8] 2| 2 EEEH g £7[E"(5] 5|3 o 2 e
x| =1 = = 2 E
Folg 18)5|a|elE FEH ERHEE £
E Z|#[az|3% ES 8 |2 H B2
—— =
b K 2 *:%:
Fe == j LIMESTONE, CALCAREQUS CLAYSTOME, and e ¥4 LIMESTONE and CALCAREDUS CLAYSTONE
= s T ' CHERT 7’
F e e — 1 - LIMESTONE (major lithologyl, two color types,
X 1 — LIMESTONE [majar litholagyl, very fight gray (NB) = by 1) wiry fight gray (NB) to bluish white (B /1] and 2]
Y to biuish whits (5B 8/1), baturbated, with chondrites, Al light greenish gray [5G 8/1] to light bluish gray (58 7/1).
stylolites, and & few lomines of green clay. A lesser amount ﬁ 7 Both are extersively burrow mattled; the darker Type
z == 4 it more greenish (light greenish gray (68 7/1]) and has L I /s has more clay stringers and more stylolites. The greenish
= —— mark verticak-type barrows, mare incipient nodular fwxure e cator is prabably clay.
e e —" f end more laminae of grasn clay. — o
e P ———— 2 — CALCAREOUS CLAYSTONE (minae ithologyl,
e = = e 7 - CALCAREQUS CLAYSTONE (minor lithalogyl, ._;_ ——— dark gresnish gray (BG 471), Massive to laminated, both
= T——r—" - mostly chalk greenish groy (BG 4/1] varying to gresnish | e e o plane ard wavy, thin snastomosing stringer,
HRE ol blsck (SGY 2/1) with some brownith gray (YR 4/1) A
2 e L tints: massive o laminated {wsually wavyl, thin stringse 2 7 Section 2, 130-140 cm: has #n incipient micronodular
c ——— ususally anestomasing. Gp e = texture; Section 3, 135-140 em, contorted clay seam s
é "_.' T s == b = ; possibly & slumg structure; Section 8, B0-56 om, micro-
g = —— 3 — CHERT {minoe lithology], light bhulth gray (68 7/1) - g v teulty; Section §, 81 em, light bluish white siliceous lime-
5 — T i nodubes of vitrecus replecemant cher, E T stonsl?) protochent nodale; 122127 em partiatly diic-
= S £ Zh tied limestone with a micrashumped sructure.
HiBe = Section 2, 2030 cm; chandrites very aburdant. Saction 4, E - 5
§ %/ B0-95 em, it & microbreccis. Section 5, 70-90 em has ! . T SMEAR SLIDE SUMMARY (%):
H = [iH] o micronodular texture, Base of core hecomes mors green H cn ] e
§ = — I i otharwise lika Cora 89, o /4 N
= = =rd 1 - Texture:
£ Fp 3 = & 3 v S 20
g A ~ § o f/’ Clay 8
£ = —— £ ' Compasition
e o = i T——7——1 7 L} Quartz 1
H—— £ ——T— 7 Mica 2
&m L z = e i Heavy minarahs 1
5 s e Clay B4
< 2 e Zeollts 1
= Ca — — —_—— L Carbonate unspec. 15
a == 5] {7 Cale. nannotostils %6
% a - = == 8 " e/ Plant delsrls 1
B i e /
[+ T ; % T T T s
: . _% ______ o
= ; K Co i /
Cm — T —
| ==l
a g o ;
Z - 7
s = z 7z
Sz Cp 5 e I P cn 5 i ===——c
"E ===y - ===V
i =====p oz ===}/
52| oo e §§ i =====-11
; = ——ty HH
o 8 ===




SITE 534 HOLE A CORE 82  CORED INTERVAL  1340.0-1348.0 m SITE 'iaa HOLE A CORE 93 CORED INTERVAL  1349.0-13535m
[ FOSSIL [— H FossiL
- i— CHARACTER o g CHARACTER
5
8 |Eul2]3 5l 2 -EEMHE Zl g
eciBzle HERE I3 areme LITHOLOGIC DESCRIPTION =elezls i B |2 SRAIC LITHOLOGIC DESCRIPTION
1215 = 2 g 5 LITHOLOGY 1z |28 = | 4 5 LITHOLOGY
g=¢”§ HE R E g w3 2™ g 3 3g§g: 3
SR HEHEH Eckel & - §5§i§a§ g
=z é = s L = & HEAEHES
T
=
:E/ INTERBRDDED LIMESTONE and CLAYSTONE INTERSBEDDED LIMESTONE, MARLY LIMESTONE,
05 — Drill Rubble and CLAYSTONE
| === 4 LIMESTONE (hiomiesits] of two calor types: i
ey T5 ight N8, N7) to ligh brawnish gray (SYR 81},
Cm| B ——— { mw::ymwnu 3 " - LIMESTOME (blomicrital, light gray (N7] to gresnish
o L =——— X . , y 2 gray {BGY 6/1), moderately 10 intnsely bioturbated.
—_— ] Paln red (YR B/2) 10 grayisn red (SR 5721, with gray
e A mattling ; P MARLY LIMESTONE (biomicrite], groonish gray [GGY
o rTrtr/ Bothh types are madarately to hesvily burrowed, contain — = " 8, SGY 8N, leninstic and wavy laminsted by ey
Ca = — parplaced railariens, and generally “ b )
ﬁ/ Inaws wawy clay wams. MARLY LIMESTONE (blomicrite], pale red (SR 6/2)
- to grayiah red (SR 421 Either laminated or intansty
Cp | T e f NANNOFOSSIL CLAYSTONE of two color types: L} bioturhated.
2 e Dark gray {N3, hal. oo % NANNOFOSSIL CLAYSTONE, wpaysh md (BR 4/2)
& ® e, ; ™ Dusky red [10R 3/4) to reddish black (10R 2/1), = N 10 very dusky red (10R 2/2), laminated and slightly bur.
————— Both types aro fioely laminated, have tharp lower contacts, ! ..
—— and commonty have diffuse upper contacts 1o limestones
1 § The first red colocation fs In Section 2, &1 em; more abun £ 3 cm Limestone end marly fimestones contain spar-roplaced
_1 X dant and dark red coloe wwerd base. g : radiolaria, rare calpioneliids, snd calcipherss
= 7/ Microbeecin layers (about 1 cm thick) at Saction 1, 82 an E E cm (Minoe lighology a1 Section 2, 88106 cm) nannofossil
—_ = 7 129 cm and Section B, 35 em. o E claystane, dark greenith gray (5GY 4/1], laminated.
2 5
5|3 3 ; Siliceous fimastona nodules and burrow fillings wt Sec- M 3 Sl fragmant finoseramus?) w: Section 3, 47 e, Larnk
§_ 3 tian 1, 110 em, Section 3, 73 cm. Section 4, 93 wnd 126 A nations dip 10° in Section 7, 120136 cm. Possible syn:
= 2 cm, Section B, B9 snd 140 em, and Section B, 35 om, scimentary slump at Section 3, 105-110 om. Sdicecus
; % e ’ Nodular limastons taxture st Section 8, 7790 em, f*1 :Ir;anm nodules in claystane (type 4] ot Section 3, 35—
2 i, |— Geochemivtry e
= - This fons of limestones whow partial microspar re- 2 — voin
& ——t crysttication of micite, H SMEAR SLIDE SUMMARY (%):
i ‘/( § em 1,176 2,100 3,7 3,70 4,38
= == SMEAR SLIDE SUMMARY (%): 4 e o M D D
Z1 0 1 [ ] || Tee=—m= } 4,73 1,102 . Rp Texturo:
: [£E VOoID Sard - - 2
cp == Toxture: s = sint s 10 0 2. 6
cp # il 1510 Clay B5 90 ©0 80 83
Z i Clay 85 90 Composition:
: 4 Composition: Quartz 1 1 1 1
=N Quartz 1 1 Mica _ 1 —1 . :
7 Mica 2 2 Haavy minerals 1
H é Clny 8 Clay 48 8 5 3/ a8
i P Carbonate unspec. 5 2 C-IMHII!M 45 2 4 B8 B
cp ot Calc. ennnofosils 3@ 5 Calc. nannofossils § ® 2:® 3 15
¥ Fish ramalns = 1 Fish remains S £ oos L
? 7 oo : - gy L 2
patite . -
|7
S P
/
Cp Ve
| . 5
Ao cp Fp Ts
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534 HOLE A CORE 94 CORED ERVAL 1353.6-13626m SITE 534 HOLE A CORE 85 CORED INTERVAL  13625-1371.5m
= FOSSIL 5 FOSSIL
é ; CHARACTER ‘ ; CHARACTER
MAHEE HE: - B E z
H3 EHEE Bl (B8] & | cmamue LITHOLOGIC DESCRIPTION B2l E HE 2 g | ommemc ; LITHOLOGIC DESCRIPTION
| = |1 [ LITHOLOGY I |=g|2 £| = = LITHOLOGY 3
w3 28]z 2 Jaal2] 2 = Zl=r T glE 3
R HEEEE- R EEzE s £7 |27(5(5( 3 Fle8|E| &
A RHHH Sl RHHH = 15
= 12| 2 i |32 E x| = § Z | # |52|3% g
\ z EN
pa ™ e
o ~ INTERBEDDED CLAYSTONE, MARLY LIMESTONE, 20 INTERBEDDED CLAYSTONE, LIMESTONE,
; and LIMESTONE cm "y and MARLY CHALK
g L
1 . CALCAREOUS CLAYSTONE, grayish brown [5YR 3/2) ) L r | — CALCAREDUS CLAYSTONE 1o MARLY MANND
o X to dusky brown (YR 2/2) to dark reddish brown (10R 7 1 FOSSIL CHALK, grayish red ISR 42) to graylsh brown
B = /), masshe 13 (nmineted, modsrataly fisdl, comeanty § o (BYR 3/2); mottled and interbedded with greerish gray
3 b grades into marly chalk. é..._, (5G 6/1-5G 4/11. Genarally laminated, but usually slightly
: X MARLY LIMESTONE CHALK [uomicrite), pule raed g == 19 i <l (especially burrawal
g X I5R 8/2) to prayish red (8R 4/2, 10R 4/2); sightly 10 < B
I sy ok Al somerionty: amied Wit dessaih X 1 2 — LIMESTONE (radiolarien biomicrite), light gray
T aray [SGY 8/1). Thin sections show 5—20% spar-replacad P g f
radialaria and rare calpionailids in micri hari (Am X = (N7, NE), greenish gray (BGY 1), or pele bluish gy
1 ialaria nicn) in micrite. Rodiclaia are 58 71 inati
. with dusky blue (5B 372) lsminations caused
/7 Mattens<t and are concentrated in discontinuout femines, > by lable eadiclaria/micrite cat Thin section A
b 2 Frajiao: : 2 2 ' warlabls fite ratios. Thin ssction A
i nd micritized Sace )
= X LIMESTONE (biomicrite), very light gray (N8} to light i - r;-: T.:!:"x.d:;:‘im:.:::.:maﬁ;:‘m acoma,
= X bhiish gray (58 7/1), to light greenish gray (SGY 8/1), ; ) o
] d / 5G /1, 5GY 8/1); modesately bioturbated with vague 1 '
5 1!' 1 wary clay-tich laminations, 8 Cp 7 = 3 - CALCAREOUS CLAYSTONE 1 MARLY CHALK,
gl & _ i 7 ' greenish groy (G 6/1) to dark greenish gray [5G 4/1)
£ a ! Laminated ard slightly bloturbated.
E Minor fithology, Section 2, 136138 cm nannofoss| 3 T —
gl 3 claystone, dark grasnish gray (5G 4/1), faintly laminated, Blu 1 2. Claystone 1o limestone contacts are sharp with accasional
=1 E E 3 Burraws at top of limestones.
G 3 Microbreccia layers 11 cm thick) at Section 3, 101 and = i 3 I~
141 em, '; Gml | Pe Laminations din 5157 through matt of core,
= § Catcite-filled fractures ar Section 1, 103 cm and Section 2,
cm| Silicegus limestone nodules, pale red (R 82). elongate, % 3135 and 92-65 cm.
0.5-1.5 cm In langth, Ssction 2, 39 em and Sectian 4, cm| F é
8 Zem. = T XAD analysis of reddish claystane [lithatogy 1) #t Section
A" 3
= 7 = 2, 40 cm shows signiticant araganite,
Wodutar taxtures of limestone and clayitone st Section 3, Ve i
Am 116-118 arad 132135 om, Possibly @ compection-bousfin- ot SMEAR SLIDE SUMMARY [%):
4 age affact. 1,45 3,58
=l i Z § o o
tm A Shall fragmant [aptychus?] s Sectian 1, &2 em. £ s v Texture:
E 1 5 Sily 15 5
SMEAR SLIDE SUMMARY [%): 7 = Clay B9
1,96 2,138 3,80 £ i it Camposition
oD b D 53 Ouartz 1 e
Texture: = o Mica 2 2
Skt wow 15 E b Clay % 45
Clay 20 80 86 | Cm| 5 1 Carbonate unspec. 15 5
S:nwdlmn: é Calc. nannofossils B 45
i - - 1 : {
M; 3 = A : o cm lec pu a Plant debris 1 3
Hesvy minersit - = TR
Clay EE T
Carbonate unspec . 20 3 3
Cale. nannatossil B 20 18
Fe oxide 1 1 2
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SITE 6534 HOLE A CORE 96  CORED INTERVAL 1371.6-13805m SITE 6534 HOLE A CORE__ 88 CORED INTERVAL  1389.56-1386.6m

FOSSIL

FOSSIL
CHARACTER CHARACTER

2
i

:
:

GRAPHIC
LITHOLOGY

GRAPHIC

LITHOLOGY LITHOLOGIC DESCRIPTION

ZONE

ZONE
| FORAMINIFERS

TIME — ROCK
uNIT
TORAMINIFERS
TES
SECTION
METERS
uNIT

TIME — ROCK

LAGELLAT]
SECTION
METERS

MNANNOFOSSILE

; 55 LITHOLOGIC DESCRIPTION
a4

: g

g

= o

RADIOLARIANS.
0.
LLA
10
RELLIDS

BRICCTNG

SAMPLES

DISTUREL

BIDSTRATIGRAPHIC

TRATCLTNE

CALCAHEQUS CLAYSTONE to MARLY CHALK
with INTERBEDDED LIMESTONE

Only a trace of recavery.

Tithonian
£ mexicana/M, cuviilien’ (N} BIOSTRATIGRAPHIC
o
Ll lirl Ll

C whitei (D}

t

L 1 ~ CALCAREOUS CLAYSTONE 10 MARLY NANNO-
e FOSSIL CHALK, grayish red (SR 4/2) ta grayish brown
(5YR 372, 5YR 2/2) with motttes and bends of areenish
gray (5G 6/1-5G 4/1). Generally laminated with minos
bloturbation {especielly chondrites burrows),

2 — L icrit

biaturbated, vaguely laminated. Two color types:

- A: gresnbsh gray (SGY 6/1-5GY &/1) with interbeds or
matties of fight grayish red (BR 4/2-6R 8/2), commonly
marly, Thin section has sbundant Seccocoma and cal 2
cifind spange spicules.

B: medium light gray (N8} with dusky blue [5PB 3/2)
Iaminationg, minr fitholagy

Calpioneils B (C)
"
"

3 — minar lithology Section 1, 137-142 om — calcarsous
clmpstana, dark greanish gray (5G 4/1)

=T

Laminations at Section 1, 6573 em dip 10° . Apthycs
fragment st Section 1, 107 cm, Burrows are occasionally
fillach with dark gray to blsck matarial.

¥

SMEAR SLIDE SUMMARY [%):
1,138 2,38
M o

late Tithonian
C. mmxicanaP. beckmanail (N}

Il
1k AE]

Texture:

Sit 1
1 Clay
Composition:
Cuartz

Mica

Clay

Carbonate unipee.
Cale. nannotossits
Flah ramaing

L Plant debris

RN SN NN R SNE PSS FRAN

2
ga

€. whited (0)
1

7w

Rad..

n-BF8 .
&

HHHH

Ap T
T
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=1
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534 HOLE A CORE 97 CORED INTERVAL  1380.5-1389.5m

ic

GRAPHI
LITHOLOGY LITHOLOGIC DESCRIPTION

unNIT
BIOSTRATIGRAPHIC
ZONE
| FORAMINIFERS
TES
SECTION
INTARY

TIME — ROCK
NANNOFOSEILE
DING-

FLAGELLA’
METERS

DIETUIR

SAMPLES

CALCAREOUS CLAYSTONE

Eg:
-
Z
i

Tithonian

1 — CALCAREDUS CLAYSTONE 1o MARLY LIME.
STONE. gravish red [10R 472, 10R 3/2) laminated to maod-
evately busrowed. Chondrites burrows common,

TR AN TN NN RN RN AT FEYNE ENRRE NTETE FTrs ST PN ey N NN AN ....'f‘

~

Minar Lithologies:
2 — Section 1, 03 em: fragmant of ealcarsaus clay, vary cc

dusky red (10R 2/21.

3 - Section 1, 4046 cm: fragment of limestons, pale
red (58 6/2) 1o grayish red (10R 4/7), laminated and
slightly burrowed.

€. mexicanaH. cuvillien (N) €. wiitei (D)

PES HLIS
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SITE 534 HOLE A CORE 99  CORED INTERVAL  1396,5-1401.0m SITE 534 HOLE A CORE 100 CORED INTERVAL  1401.0-1410.0 m

PES A1IS

2 0551 2 FOSSIL
" 5 CHARACTER = § CHARACTER
ENEME FIREE: -MEMABE z|l 2
- |22 HE g 5 GRAPHIC e [E2]E 3| & S| = GRAPHIC
T :ﬁ E il s ,3. # | UmvioLosy LITHOLOGIC DESCRIFTION 5 ,‘.{é £ 5 |5 £ | wuTHotocy LITHOLOGIC DESCRIPTION
R E PR g7 (27 2512 ale8ln) &
S RHE: B AR R L

g |8 ae & g i |az) &2

cm Am
Cm) CALCAREOUS CLAYSTONE to MARLY CHALK CALCAREDUS CLAYSTONE and
MARLY CHALK

C. whitef (D}

Tithonian/Kimmeridgian

€. masicana/H. euviliierd [N]

1 - CALCAREQUS CLAYSTONE ta MARLY CHALK
(clayey bioemicrite), dork reddish brown [10R 3/4) o
wvary duky rad [VOR 2/2) with mottles and bands of dark
reenish grav (G 471). Laminated, but commonty with
buirrows (especially chondrites). Smear slides have varisble
amounts of nannofoall, delomite, and nesdies of possibly
aragonit. Seccocama in thin section.

2 — NANNOFOSSIL CLAYSTONE, dark gresnish gray 1o
greenish black (5GY 4/1-6GY 2/1); laminated with minar
gray burrows.

Minar lithalogiss:
Sectian 1, 25-35 om: dolomitic marly limestone (spare
hiomicrite], greenith gray (BGY 6/1) 1o olive gray (BY 401),
laminations of verishie clay conrent. Thin section has
flartened radiolaria and rare fragments of bivalve shalls.
Section 2, 132-147 em: carboniceous calcarcows clay:
#ou, greenish black [5G 2/1]), laminated

SMEAR SLIDE SUMMARY {%):

1,10 1,22 1,30 1,90 276
o D L o L]
Toxturn:
Sin o W B w W
Clay 70 a0 80 80 L]
Compenition:
Ouarzz 2 1 - 1
Mica = s =2 1
42 57 63 60

Boalowse e
8-
a
Pl
8

LiLiLid llll?l

€. whited (D)

Tithonian/Kimmeridgian

C. menicanasH, coviltierd (N}

plaiigl

CALCAREQUS CLAYSTONE, grayish red [10R 4/2)
o wery dusky red (10R 2/2), commonly with matiles
and bands of kght alive gray (5Y B/1) 12 dark gresnish
gray (5GY 4/1). Laminated with scme burraws {especially
In the gresniuly gray Tonm). Bmaar slides have 26% siltsized
carbonate neecles interpreled as sragonite.

MARLY CHALK {minor lithalogy), light olwe gray [5Y
B/1) to derk greenish gray (SGY 410, Laminated with
moderate bioturbation. Thin Section (Saction 2, 17 em)
hm & clayey biomicrite texture with sbundant sltsized
hiociasts. May be aragonite needlo-baaring.

CARBONACEOUS CALCAREQUS CLAYSTONE (minar
lithalogy), alive black (5Y 2/1) to brownish blsk [BYR
2114; laminated,
fle

Ammanite Tragments and other sholl places having pearly
luster presorved are abundant in the grayish red cleystone
tespocially Soction 2, 100 c—Section 3, 150 cm). Original
arogonite?

Pyrit noddube ot top of Saction 1. Radial crymal sructure.

Thin [2-3 mm) white [pale pink] layers secor ot sbout
30 em intervals.

SMEAR SLIDE SUMMARY (%):
1,60 2,2 3,83
o M M
Tawure:
Sin 0 a0 %
Clay 0 B0 75
Compasition:
Cuarte 1 - 2
Mica - - 4
Haavy mingrats 1 = 1
Clay 55 48 L
Cearbomiate uhmpet, 5 0 10
Cale. nannafossils 10 5 a
Fish remains 1 - 2
Plane dabeis 1 1 10
Arsgonite % B/ 3




CORE 101 CORED INTERVAL 1410.0-1419.0m SITE 534 HOLE A CORE__ 102 CORED INTERVAL  1419.0-1428.0m
-3 o FOSSIL
- 5 - ; CHARACTER
8 |sul2 z 8 |z 2 HE:
SE |85 £ .5 o | 2% LITHOLOGIC DESCRIPTION L g i 2 Bl 12| & | enammc LITHOLOGIC DESCRIPTION
e R H gl ¥ g & ;n:ﬁ* 3 ggsﬁg -]
— =5 - -4
PR cids B RHHH EEh
: |2 EEEE 3 HHHHEE
3 ] A
2 -
1 a CALCAREDUS CLAYSTONE to MARLY NANNOFOSSIL i.. CALCAREQUS CLAYSTONE
o 1| CHALK cm T
AL \ CALCAREOUS (NANNOFOSSIL) CALYSTONE,
1 5y 4— CALCAREOUS CLAYSTOME ta MARLY NANND- 1 grayish brown (BYR 372) to moderste brown [BYR 3/4)
- cm . £ - FOSSIL CHALK {major lithalogy}, grayish rect [10R 4/2) am i 1o grayish red (SR 4/2); massive 1o thin bedded, stight 10
z 1'“": i 1o grayish beown (5Y R 3/2) to moderate brown (5YR 3/4), maderste biotuibation. Up to 5% organic debris in smear
1 has momes of gresnith gray along bedding. Masiive 2_ slide.
+ Ll - thin bedded with slight to moderats bioturbation (sburs 1
] 1 dant chandrites). CALCAREOUS CLAYSTOMNE (minor lithology),
: . 1 medim blulsh gray (58 5/1) to light allve gray (B 5/2)
= - CALCAREOUS CLAYSTONE (minos lnhologyl, L to dark greenish groy [5G 4/1); maderately hioturbated
om g f madium tiuith gray (58 6/1) to gresnash gray (56 6/1). L with vague, wavy Iaminations. Qccurs mainly ss very thin
1] Mnsaive 1o vagualy Iaminated, commonly bioturbeted. Car interbeds in the grayish brown claynone.
= 2 5 honacems i the Layer 81 Section B 104—108 em. Ly
= it 1 CHALK {minor litholegyl, light gray INT) 1o light
< ! SMEAR SLIDE SUMMARY (%): B [Am olive geay 5Y 6710 moderste bloturbation {espacially
s i 1,40 1,138 2,25 6103 2 1 chondrites), This lithology sppesrs mainly in lower part
N B M D M 5 of core,
-] Teture =
E L1t it 5 &5 6 15 L=t 1 0 SMEAR SLIDE SUMMARY (%)
g L1t Clay % 85 88 85 ] L 21047 4,74
H AR Compaition L 1 b W D
E Lty Ouarez 1 2 4 o > Tuxturs:
¥ Faldspar - - - 1 & St - - 1
H o a[ -3 L Mica b= = 4 : Clay - - @&
E - L i Heavy minasals - - - 1 em Composition:
2] _ -] Clay M B0 B3 M b3 . Quarta 5 - H
Fle L u Zeclite - - = 2 = a Mica | B
B | Carbanate unspec, 5 5 10 3 Haavy minerais - -
£ 3 }1- \ Cale.namnofossils 15 10 B B 5 Clry 6 10 8
o B 4 Fish remains 2 1 1 e = > Carbonate unspec. 6 78 6
P Phant debris 1 3 - & a 9 Cate, nannotossils 15 10 15
= Fe-oxide R 1 - ; | Fish ramains ; : ;
o Plant debris
1|t i 1 Other S
4 Lt cm 4 L *a
cm F .Ji: !
bt i L
b
40 L
L
Cin = Pk I
z 1 i
L {, S F L
5 LM Fl |s
S L
= L I - i
S | = il
al L
L
cm 6 L |
gy
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534 HOLE A CORE 103 CORED INTERVAL  1428.0-1437.0m SITE B34 HOLE A CORE 104 CORED INTERVAL  1437.0-1846.0 m
M FOSSIL o FOSSIL
= g CHARACTER i ; CHARACTER
2 le [el=Te z| » - 8 le lel2 zl =
5z ?_5 £ E % g g E lﬁ_ﬁg:ggv E LITHOLOGIC DESCRIPTION = E% E g g E E E L:?r:gl‘..g:v Li H LITHOLOGIC DESCRIPTION
S|gR) 2 a " n Slan|z
AAHHHA L : A AHHHEEEE 4
|8 53 3 g L - § Er E
R g g 185|355 i
I
-1
5| Blee > el INTERBEDDED NANNOFOSSIL CLAYSTONE ) 0SSIL CL/
s .§ , ] and LIMESTONE m and LIMESTONE
T2
£ 1 .
E| = Gl 1 > = 1 — NANNOFOSSIL CLAYSTOME, aravish brown (5YR 1 — NMANNOFOSSIL CLAYSTONE 1o MARLY CHALK,
= ' 3/2) to moderately brown (5YR 3/4) to grayish red (SR {pelagic bivalve-rich radiolarian tiomicritel, medium derk
] % F > r 4/2); massve 1o thin bedded; dight te moderate Biotuste- arey, 11 finaly [awsitined with: modsrme:biasorbition
5 o V. tion, Thin section shows that burcaw fillings sre microspar Thin section has sbundant calcified radiolaria and small
[ L 7 commonly with geopetal texture, Few mbllusc lragments palagic bivelves with overgrowthn, plus fone of pelistal
-'é. E |FmCm L prnsant bomicrits. Commenly has soarite bands, diacontinuous
E g 2 - Lluiwmiwisilsm'mﬁlu ula""ullml ‘;&ew:‘:lm 2 = LIMESTONE (pelletal to biomicrite), light aray N7},
mattled light gray , medium T gray o @ t finaly laminsted to banded to highly burrowed. Seveesl
] 5 o
gl = :}.:m. gray 555 7 enmmnnbm:\r with w—u’" ::r‘m 18GY 7 beds have upward-fining graded texture. Turbidite origin
, BY &/1) and fight ish gray 11; massive —
o laminated; uw‘wmﬂl_hw"ﬂllm-"""" sectian " 3 = NANNOFOSSIL CLAYSTONE to MARLY CHALK,
of a burrowed limestone {Section 1, &4 om} has ccarse j imicrite to pelagic bivalve biomicrite], graymh brown
nnema_lr-lllhu burrows; microspar replaced und'fm of H = ISYR 3721 to moderate brown [SYR 3/4) 1o grayish red
radiolaria and molhuse fragment, and cvergrown echindsrm £ 2 [5R 4/2). Taxture ame @ lithalogy 1. Mora abundani in
fragmants in micrite/microspar, Thin section of a laminated = 7 Towres part ol core,
limestone (Section 1, 133 em) i1 a biomicrit with 20% -
wmall peliets, '§ g 3 :F Sparite bands in marly chalks have fiorous tewture and e
s ’ -5 Pom—— discontinuous. May be reluted to owih on c
3 - CALCAREQUS CLAYSTONE [minor Nthology), g % ! -+ | '1‘! .,:,,...‘I_ e b 4 e
Hight gray (NB) 1o medium blulh gray (58 B/1); massive, 2 3
2 E a = l 1 Snallow-water foraminifers found in some of the fime-
Microbroceia layer (D5 em thick] at Section 1, 86 cm, E H = = stanes.
- =N
E
SMEAR SLIDE SUMMARY (%) v § i- Microbeeccla st Section 1, 110 em.
1.2 1,20 1,48 1,88 19:
M D D D M | . SMEAR SLIDE SUMMARY (%)
Texture: 1 1,48 1,135 2,31 3,38 4,137 4,13
Sand - - T - 2 g’ o M M M ] "
Silt 0 4 18 0 68 3 Texture:
Chay L Am _L L] ) . 12 1 50
Camposition =g siit M 18 W0 4 B W
Gy - ' 1 i Cloy Bk B0 B B 75 W
- - 1 Co -
Heavy minerals - 1 - 7 - _ mpoition. X ;
1 Ouarts 3 1 4
Clay - & n o =z 1 £3 Feldipet & g o e 2 i
Pyrite =] 1 3 8 - % - . _ 1
Cabonateunipsc. 98 16 B 6 78 L i B I =
5 [_— vy minsraly 1
Cale nannofoily - 2% B n - Am| i 57 - i . 46
Fish remains = @3 ‘& F = = 5 3 b 4 3 5 iy
Plant debris 2 3 6 3 - o Pyri - -
Zeolits 3 3 -
Carbanan anspec 3 W 55 " B &0
Cale, nannofomils % - 1" 2 1
Figh ramain 1 - 2 - 2 2
Plant dabris 2z - q 1 3 1
Aragonite - - - - 12 -
SITE B34 HOLE A CORE 105  CORED INTERVAL  1446.0-1456.0m
a FOSSIL
” g CHARACTER
g |=.]gln g z| w -
ESERIFIEIELR el E GRAPHIC P
TE '«Eé E a HE E| B | uTHotooy §§ LITHOLOGIC DESCAIPTION
w3 |ENIEE1s] 3 |g) 8 R
R HETE Jied i
B |2|3]|2 |5 & g by
- — P
= =|?
5|2 e
2 E 5 m INTERBEDDED LIMESTONES and CLAYSTONE
2 P =————
E H T — 2 1 - CALCAREOUS CLAYSTONE of twa color types:
E| = Ap 1 e A dark gresnith gray (5GY 4/1).
E . = " B: grayish red (5R 4/2) to blackish red (SR 2/2) 10 grayith
e 2 brown (5YR /2], Weakly laminated 10 masive with small
% ______ o burrows. May have fine palagic bivalves,
7
% VoI 2 — LIMESTONE (packed shell-peliet microsparite to
o radlolarian Bomicritel, light gresnish gray (5GY 6/1] 1o
> B light bluish gray (5B 71}, Two texture types:
Bl - b A: finegraned biomicrits. Thin mcrion has micrirized
8 - radilaria, fine patlats, and tiny pelagic bivalves; often in
2 - w thin [1-2 om o+ bess) becs interbedded with claystons.
[+ - Thess show boudinage and other compression fastures.
- - B: medium-to grained b pall i
o Cm B e to biomicrita, often with graded bedding, leminations,
ard  convolute-laminations. Sand-ized, round, micrite
peligts in the thin section may be micritized ooids. Occe
slonal benthic foraminifers. Ercsional bases. Turbidite
origin avident.
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634 HOLE A CORE 106 CORED INTERVAL  1455.0-1464.0 m SITE 534 HOLE A CORE 107 CORED INTERVAL  1464.0-14885 m
=2 FOSSIL 2 FOSSIL
- ; CHARACTER o § CHARACTER
8 lzul2]2Te 4, |2] 2 8, |5s2] 2]t gl e
= = il = ol & GRAPHIC e (2 5 S & GRAPHIC
i HHHEHE g £ u;: Flciiopsj b " LITHOLOGIC DESCRIPTION 12 z3|% HE g g § LiTHOLOGY |y LITHOLOGIC DESCRIPTION
g7 [e75[5)2] 2 3% 2 £7(27|5]8)2 & i
£ = 2|
SRR HEH B gl M ERHHBE !
& [E]=]2[52)3 8 g |23 a 3
5 N ; i P
= i e Rl g " m——
s = [2 INTERBEDDED LIMESTONES arsd i —— i > y INTERBEDDED LIMESTONES and
— = % k5 g . 1
] Ap 0. N 1 CALCAREQUS CLAYSTONE é (L ey s_ - CALCAREQUS CLAYSTONE
2 P *s &1 L
2| Cm 1 % 2 1 = CALCAREOUS CLAYSTONE, dark gresnish gray & 1 =l o 1= LIMESTONE, light olive gray (BY &/1) 1o dark groenish
§ o a (SGY 471) 10 greenith black (BGY 2/1); taminated. Smear E -1 i y i qray (GG 4/1); coarwegrained ar bawe, ganerally fining
E % = slices contain sbundant calcite |sthi which could be b 1.0 3 upward 10 darker laminated bads. Bases ars scoured, bur:
| B crushed fina pelagic bivalves, and up 1o 10% clartics, 5 p == k —_— tows (chondritss] only in fine-grained tops of sequances.
5| = |me Fe T g = LB ' Probabily turbiditas of shallaw-watar arigin.
b 2 — LIMESTONE (micrite to microspar], greenith gray 2 fip — n: o
..3_ e e g = [3 [SGY 6/1) 1o dark gresnish gray (5GY 4/1); massive with k] 7l L =] 2 - CALCAREOUS CLAYSTONE (minos lithology),
6 bioturbation. Thin Section (Section 1. 31 cm) has less x = cm R dark greanith gray (5G 4/1) 1o gresnish blsck [5GY 211);
= 2 —_—— ; r/’ i than 5% bioclasts which am microspar replaced, ez / generally interbedded with :;3“ ;:‘; of the limestons
—— 2 - / 1 turbidites. Grayish brown (5YR to dusky Brown
== e e L 3 — LIMESTONE (packed skelatal-pelletal sparite), yeliow. E L (SYR 202 st base of Section 2.
ish gray (5Y 8/1) to light olive gray (5 &/1) with oflve P o ] # =
gray (BY 4/1] laminse ot the top of the beds. Sand- to Fm| Fo = ( = Section 1
wiltsized grading upward common, Frobable turbidites 24 em: small slumgs |n bedding.
at sallow-water origin, Thin Ssction {Section 1, 134 om) 7074 em: claystone clagt In granular limestone.
has 10% oaids, 25% pellaty and micritiaed grains, and 15% ) )
B I g foramintters In & sperite cement. 03 em: flute cants ot base of granuler limestone bed.
Ry Section 2:
Section 1;
b . 4092 cm: noemal graded texture hay an intarval (60—
A2 e LA T " B0 em) of reverss grading in contirugus granular limestons,
BZ—B8 om: clast of line-grained limesions in @ coarss
caleareous matrlx. At least 15 Turbidite pulses recavarsd in this core.
BE—140 cm: single turbidite of limesiane (itnalegy 3k
Bouma A-C.
SITE 534 HOLE A CORE 108 CORED INTERVAL  1468.5-14775m
Sectian 2: o FOSSIL
3130 cm: current laminations i granular limestone ; CHARACTER
{lithology 31, -
EIBTETET T 12l 2 | cname
SMEAR SLIDE SUMMARY (%): TS|ES|E H | ¥ | umoloay LITHOLOGIC DESCAIPTION
wo 2Nz ik
1,31 2,15 $° e 33 &
: il B AHHHE
Texture: = = = |&
Siit X W0 &
Clay m &0 "
Compasition: R = CALCAREOUS CLAYSTONE
Quartz 4 6 o
Feldspar 3 4 E % . 1 1 — CALCAREQUS CLAYSTONE, grayieh red {5R 4/2)
Mica e; 1 ] H 1o moderate red (BRG/4), hai some burmow mottled,
Clay 55 > massive. Thin section [Section 1, 74 cm) has up to 50%
Carbonste unspec. 26 30 E microspar and no bicclasts. Rare fibrous caleite seams.
Cale. nannotossil 2 2 =
Plant debris 2 2 g

] 2 — LIMESTONE (micrite} {manar lithalogy), grayisn pink

E {5YR 8/2); with chondites buirows.

]

(=1 3 — CALCAREOUS CLAYSTONE, {minor lithologyl,
greenish gray (SGY 5/1); probably reduced product of
redddsih claystons,

Section 1:
08 em: large burrow in pink limesicne with green re-
ductian haln,
23-26 em: small limestone nodules in clay, Microfault
breaks shell fragment nessty.
39 om: microbreceiy layer.
T8-87 em: series of graded red silty claystone with 1-3
om repetitions.
SMEAR SLIDE SUMMARY [%):

1.18

5]
Taxture:
Sl a0
Clay [
Compasition:
Ouartz 1
Faidspar 2
Clay 54
Carbonats unipec. »n
Cale, nannofossiis 2
Piant dabris ?
Dolomite 1

v€$ LIS
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SITE 534 HOLE A CORE 108 CORED INTERVAL 1477514866 m SITE 534 HOLE A CORE_ 111 CORED INTERVAL 1495.5—1504.56 m
4 FOSSIL o FO!
b ; CHARACTER " ; CHMI”"' .
M EMEIEE E1E: > g |zul2]2 z|e
= =] w =
T% gé £ H £ HEA LFT'I.‘:,TL'SY H LITHOLOGIC DESCRIPTION TE gs H g 2 E g 3‘! Lﬁ.’;g:gg, LITHOLOGIC DESCRIPTION
2§§ égiui‘ +EE R HE IR
= z ] = F |z &
g [8]3]3 I 3 F+H FBHHE I_%S
Aplcm Rl |cc TS m| |r
& LIMESTONE LIMESTONE and CALCAREOUS CLAYSTONE
3 e | =
E i LIMESTONE (packed pallet sparite), light olive gray ] z LIMESTONE (micrite [0-7 em|), medium gray
£ I6Y 8/1] with laminse of olive gray (5Y 471}, Thin section 5 NG, vaguely laminated, slight bioturbation. Unifaerm
o 'E hey 45% pellets and micritized graire and 10% bloclasts ‘% micrite in thin siction with only scattered microsper
Imalluse, ifara, wnd i ina o patches.
= imicrauper-sparite matrix. Probably redeposited shatlow =
= weater marerial, CALCAREQUS CLAYSTONE, (7-28 em), intar-
bedded grayish brown (5G 8/1) to dark greenish gray
MANNOFOSSIL CLAYSTONE, (minor iithology 1BG 4/%), minor bioturbation.
[fragments onlyl], dark greenish gray (BGY 4/1), lami
A SITE 534 HOLE A CORE 112 CORED INTERVAL 1504.5—1513.5 m
CHERT, {minor lithalogy [fragmants arly] 1, vellowish H FOSSIL
Dbrown (5YR 4/3}, § i CHARACTER
Eul¥|3]2 =
SMEAR SLIDE SUMMARY (%]: e EE B E E LITHOLOGIC DESCRIPTION
cc N g HE R
= - »
e HEHEHE W
Taxture: # § -1 g g gi
silt 20 g |2 2 |5&
Clay 80
fon: z A
g:.::m on 5 " = cm cLs wiith INT L
Felhp 5; § i 1 1 = CLAYSTONE of several eolor types:
Carbonate unspee. 12 < A: genish gray [5G 6/1, 5GY 6/1], nearly devosd of
Cale. nannafossily 28 ol s C nannofossils, bioturbated,
Plant debris 2 gl _|™ B: graylh red (R 4/2) to dusky red (5R 3/4), up 10 30%
=12 nannofossils.
SITE 534 HOLE A CORE 110  CORED INTERVAL 1486.5-1495.5 m : E C: oliva gray [5Y 4711, atharwise similer 1o type B.
2 FOSSIL % 4
2 § CHARACTER Sharp contacts between type A and other types. Greenish
8 Eu ale P 1K lvpltnmv;;rn:;“p-!wm'hm::;‘om
Ex |22 E =] GRAPHIC saen as motties in the red. Burrows pes from greenish gray
ég £3 HERE £ | umiolooy LITHOLOGIC DESCRIPTION A A
£ HE N
|8 g 2§ 2 - CALCAREQUS SILTSTOME (minor lithologyl,
& B light greanish gray (5G 8/1), nannofossil-rich. Always
owarliss type A claystors and underiiss types 8 and C,
g il = wiggesting that It is basal member of thin (3-5 em thick)
= CLAYSTONES clay-tich turbidites.
i CALCAREOUS SILTY CLAYSTONE. [0-21 om), 3 — LIMESTONE (micrite [minor lithalogy]), light gray
E grayish brown [BYR 3/2); thinbedded to massive, dight [NB) 1o greenish gray (SGY B/1), massive. Two isalated
2 biturbation, Interbedded by: phecin recoveTed,
5 A: claystons, gresnish gray [5G G/1) ot 13 em.
5 B: limestone {mecrite 1o siit-slzed pelletal microsparitel, SMEAR SLIDE SUMMARY {%):
T very light grey (NB) to light greenish gray (5G B/1); with L1oL: o0
2| inciplent nodular texture 02 and 19 em, o m
6 8 Texture:
NANNOFOSSIL-RICH SILTY CLAYSTONE, (21-27 Sik @ B s
i eml, mudium gray (N5} snd dark bluish gray (58 4/1); Clay B %5 BS
3 Leminated to massive. No abvious biaturbetion. Compenition:
E Cuarte 3 7 2
SMEAR SLIDE SUMMARY [%): Mics - 2 -
i oC. 1200, Heawy minaraks - 1 -
o M Clay ] @ 8
é Teature: Pyrite 2 2 @
Site - S ] Carbonate unspec, a 7
% Clay e &6 Calc.nannofossis 28 28 9
X Composition: Fish remains 2 2 1
] Ousrtz 2 2 Plant dabris 1 2 1
E Feldipar 1 1
Heavy mineraly - 2
-4 56 53
Carbonate unipec. 0 12
Cale. nannotossils L
Pilant debris 1 3




SITE 634 HOLE A CORE 113 I:OMTERVAL 1513.5-1522.5 m SITE 534 HOLE A CORE 115 CORED INTERVAL 1631.5-1540.56 m
2 551L g FOSSIL
£ CHARACTER g CHARACTER
® |F =
MARE 2|2 AN OE 2l e
= |22 3% S| & GRAPHIC y e (2% H ol & GRAPHIC
A HEE g gl & LITHOLOGY - LITHOLOGIC DESCRIPTION TS |32 E z E ElE LITHOLOGY LITHOLOGIC DESCRIPTION
532“5355 gl ¥ gezd g gaz”;ujd gl g Bz o
= =4 525 O = B | B 5
E |z [Z2]5]e8 EEE 2 ; = F g ale §
=]
MHHHE - MHEH:: g
-g z L .E:‘ = . iI
s|E2 i IR 5 cLs L c CLAYSTONES
* em 1 £ |5 I
g E | Am F i K 1 — CLAYSTONES of a variety of color types incluting E = 1 4 CLAYSTONE 1o CALCAREOUS CLAYSTONE,
= dark graenigh gray [SGY 4/1), brownish gray (BYR 41}, 5 ‘3 - i varery of color bands Including dark reddivh beown 10R
& z o olive gray (5Y 4/1), and grayish red {6R 4/2] to dusky 5 El - 344), dark gray tN.!'J._wmm green [BGY 6/1), clive black
= rod {ER 3/4), Same types are calcarsous and hive axcallent c ls cm | oy :F {BY 2/1), and brownish gray (EYR 3/2, 5YR 4/1), Bands
3 E rarnatansil preservation, otners are neary devoid of nanno. E i are 05-7.0 em thick, Has soms mottlag. Grading on a
islls, Laminated 1o burrow motiled. fne-grained scale seen [n some leyers.
B g ! £ |s: wery fineg
5|E s |83
y § 2 — CALCAREQUS SILTSTONE (pellatal marty micrite], E §§ A typical sequence is 8 finely laminated dark green silty
i g groenish gray [SGY 5/1). Thin Section (Section 1, 28— E 6y cluystane passing upward (a0 » redelish beown with graun-
g‘x 31 em) has 10% quartz and mica silt, lsh gray mottling, then & massive dark griry layer.
v §
b 3 ~ LIMESTONE (peimicrite), greenish gray (BG 6/1), SMEAR SLIDE SUMMARY [%);
lnminated, L1OLE2 1,76 1,88
D b M D
SMEAR SLIDE SUMMARY [%): Taxture:
LB 1,36 1,55 Silt W0 16w
DM M Clay 0 B 80 0
Texture: Composition:
Sand - 1 - Quarts 4 5 5 2
it 15 14 8BS Feldipar - 1 H 1
Clay 8 BS 18 Heavy minarsls - - 1 -
Compasition: Clay 60 &7 L T
Clay n -+ 35 Carbonste unspec, 0 10 2 i}
Carbonate unipee, @3 13 3 Cale. nannctosils 2% 16 Ll 3
Calc, nannofossils 5 4 60 Plant debls 1 2 3 2
Fish remains 1 1 2
SITE 0534 HOLE A CcORE 114 CORED INTERVAL  1522.6-1531.6m SITE 534 HOLE A CORE 116 COREDINTERVAL 1540515496 m
g FOSSIL M FOSSIL
§ § ” § CHARACTER
EM IR gl 2 g8 |= L El &
ce |2E|E| 5] 2| = ol & GRAPHIC EM B gl = R
H P E § 5 i 5| E | umhoroay s . LITHOLOGIC DEECRIPTION TE E§ £l g S Bl & LiTHaLogY 3 g LITHOLOGN: DESCAIPTION
H HEIN A E M HHE HE g
P E=FH Sl R HHEIR 5l
S |8 2l Eb 5 a T z 3 E
R ES i & 8 z 1213 AL & E
] 1 = |y i
3 g.ﬁ. F L‘r-? CLAYSTONES and MARLY CHALK
als! Cm < g CALCARECUS CLAYSTONES with
= - 1~ CLAYSTONE of & variety of colors including medism S| Elemlem " & INTERREDDED LIMESTONE
< 1 V brown [BYR 3/4) |dominant), dark reddish gray (10R 3 |z3
< |Eg cm 3/4), otive gray (5Y 4/1), greyish red [10R 4721, pale red D" E QL:A&ED\E CLAYSTOMES, verimty of l:nlfn
s ——z, (BR 672), 3nd dark presnish gray (5GY 4/1). Color banded = including blackish red (SR 2/2), dark gray (N3} with
& E =1 ot 3-8 om soale, ; Q uresks, and olive gray (5Y 4/1), The typical saquence it
e |52 Yoipy = |8 a sharp contact of & raddish claystone cver a dark gray
5 "3 o Geochamistry 2 — MARLY CHALK to CALCAREOUS CLAYSTONE, 8 |€ with olive. mottling of the red type at tha cantact, then 4
Fm{Fp 2 n 2 dark gray [N3) to derk gresnish gray (BGY 4/1); generally a3 = tansition upward from reddish to dark gray. Groding seen
i 0.5=1,0 cm layers. = § 5 at contacts in fine-grained matorial. Turbidite origin,
B lug
Burrows are rare. LIMESTONE (biomicrite | minor lithalogy] ), greenish
gray [GGY B/1), weakly laminsted, Convolute lsminations
Graded fine silt to claystone sequences occur freguently, in basal 2 cm. Rare burraws near top, Thin section hes 10—
15% echinoderm plates, 10°% caleified radiclarin, and %
SMEAR SLIDE SUMMARY (%) quartz in & fine pelmicrite matrix.
1,12 1,48 1,50 1,88 2.1
D b B B D SMEAR SLIDE SUMMARY (%):
Texture: 162 1,60 1,72 1,78
Sand - - 1 - - oo M D
Sil W 13 B B 7 Silt B 0 - B
Ciay w & B B @ Clay B B0 - 75
Compasition: Compasition!
Quartz 5 a 2 F 2 Quartz 3 :‘l 2 f
Mica 1 1 1 1 - Faldspar 1 -
Clay 7! 7B B W Clay 52 45 - 58
Pyrita 3 3 1 - 1 Carborats umspee. 40 45 B5 30
Carbanate unspec. 3 - 3 113 Cale nannafossils 2 4 3 0
Calc.nannofosils 11 B0 17 2 2 Plant dubieks 2 2 - 1
Fish remaing 1 1 1 1 -
Plant debris 4 4 2 - 2

L8T
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SIIE-SWL_ROLE A _CORE -T17 COREDINMTERVAL. V6485 -16EAEM SITE 53 HOLE A CORE 118 CORED INTERVAL _ 1568.6-1567.6m
g FOSSIL m "
i g CHARACTER - ; CHARACTER
ENEMBAERE z|w g - "
e 84S £ g g1 & GRAPHIC zulelale]l ol (2] 2
z = E = LITHOLOGIC DESCRIPTION = = £ = GRAPHIC
JEZ g§ i ? E 5 ‘3‘ -g- LITHOLOGY 3 o 1E :E g § i z = ﬁ LITHOLOGY LITHOLOGIC DESCRIPTION
£ = gl18|. L & ¥ e 5 L]
2 IE o % g 25 |32
-] = a
g |E § g B + ERHEE ES
71T Drilling Rubble Cm - s
| lem G g = ——
s| B A CLAYSTONES and LIMESTONE o B e e o LIMESTONES
o F yd 5T
2|z g [Driiling breccia of clay chips [0=7 cm, \‘i; L, 1|95 ——— 1 — LIMESTONES of twa taxtural types:
) ‘E 5|2 e e A: pelmicrite, lght olive gray (BY 6/1) to gresnish gray
5 foegcd CLAYETOME | (7:20. conl, . prvemian = T [5G 6/1); graded bedding arxd laminated. Bouma sequence
E bisck (5G 2/1), and NANNOFOSSIL CLAYSTONE, cusky © |E= co|F e B0~ common, Thin section has overgraveing on eching
§ £ brown (SYR 2:2). Color boundariss sre fairly sharp. £ & darm phites. andl rare banthic foraminifara,
g b 8: micrite i
= 5 T : micrite, greeniih gray (5G 611 and dark grasnith gray
8 3 LL":?;'ME mnm"':,mt:: onl) |w.duh. 2 [5GY 471), massive and slightly bloturbated. Thin section
g9} gy Y, 11 to. e ey (N Base e ladvingnad 2 |E has 5% calcifind tadiolarian dere micrite,
2 o comvolute bedding; grades upward into laminated beds t *Q
with dark clans; an intracian layer is neas the 1o (orientsd = 8= 2 = CLAYSTOME, olive {BY 4/ 1
i - . alive gray o dark graenish
PR ) GRSl PR it D ek S é.‘; gray [EGY 471], shight bioturbation and vigus laminations
5 |8
SRR SLIDR NP TR Microhreccinsi?) in limestones at 18 and 41 cm, Thin Sec-
1AG tion at 18 em s vary similar to type A limestons; 10-15%
e L calcilied radiolarin end  echinoderm plates. Breceialll
;‘TMH: 16 10 taxture it ot apparant in thin mction.
:oun:nalﬂm- . “ Both [imestone typel wers probably redepotited
Wi : ; SMEAR SLIDE SUMMARY (%]
ica = A
Clay [ ] 0 o
Eyrke ! 2 Texturs:
Carbonate unspec. 4 a St 0
Cale. nannofessils 27 18 4 bix
Fish remasns 2 1 X
Comgosition:
Plant dabris 1 2 vl o
Pyrite 1
Carbonate unspec. T
Cale. nannofossils e
Fish ramaing 1
Plant debrit 1

SITE 534 HOLE A CORE_ 118 CORED INTERVAL 1569515720 m

peS LIS

2 FOSSIL
i B CHARACTER
E :
M EANHE 2
] s ol 8|2 GRAPHI
‘,“:E“ =5 g i g I Rre i ! y LITHOLOGIC DESCRIPTION
§ = 5 | A =
£ 3|3 @ B = s
F E g E !
HHHH: 3
- x
. x
1 ¥
E 0,: Drill % CLAYSTONES
E 1 I el - 1~ CLAYSTONES of thres color types:
4 ] x A bltackish red (5R 2/2)
2|5 F 1.0 ® Lo B: olive gray [5Y 4/1)
i} E cm I= i ©: blagk (N1}, nannolossil-rich
c
£ Three rhythmic sequencet, or parts thereof, are present.
s |d The sequence proceeds from ollve to red claystone with
3 E » posiible black clay background,
g : SMEAR SLIDE SUMMARY [%):
1,106 1,714 1,120
(] L]
Texture:
Sand - - 1
it 05 4
Clay 20 o5 a5
Camposition:
Clay B4 80 T
Carbanats unipec. B L) 3
Cale. nannafossils 8 4 2
Fish remains 1 1 1
Flant debieis 1 - -
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SITE 534 HOLE A CORE 120 CORED INTERVAL 1672.0-1581.0 m SITE 534 HOLE A CORE 121 CORED INTERVAL 1581.0—-15690.0 m
= FOSSIL o L
- ; CHARACTER ” 5 CHARACTER
- EMAE 2 8 |zule]22] = 8
% 'g g HE § g s LITHOLOGIG DESCRIPTION - '§~ = HE E g E g | Ahanic, LITHOLDGIE DESCRIPTION
z = 4Rl E < i
£ |E"15813) 8 |® g THEREE
R N AHHEE
= L Si = z | |Ba
B = N AR ag
B 5 CLAYSTONE, RADIOLARIAN SILTSTONE, 2 e 1 RADIOLARIAN CLAYSTONE and SILTSTONE
£ £ 1 and LIMESTONE | gl | 0.5 veriying MARLY LIMESTONE
<] 5| 3 g
= E 1 — CLAYSTONE, dusky blus green and dusky purple | = AADIOLARIAN-RICH CLAYSTOMNE (018 eml,
L o Ll o 1 586 32 and 5P 32, grayish blue green (58G 52} e aark gresnish gray (5GY 471, calcareous, massive; with
5 to dark greenish gray (SGY 4/1); finely laminated with a E rediolarisn siltstone, greenith bisck (SGY 2/1), non-cal:
g g straaky texture due to small burraws, 5 g careois, finely Iaminated,
é 2 — RADIOLARIAN SILTSTONE, dark gresnish gray B LIMESTONE [sparsa biomicrita [18—80 cm] ), groenish
o ; 15G 4(1), laminated; accuri in thin layers or lnses, Eleven 3 a8 gray (5GY 6/1), massive. Thin Section {Section 1, 26 cm)
= beds (D6 em maximum thickness] in section; 35-45% = has 5-10% radiolsria replaced by pyrite, 5% radiotaris
= E radiolaria, silica replaced often by chalcedonic quartz). Qg i ruplaced by calcite, and 3% shafl and echincderm fragments
g 5 |EF in & clay-rich micrite.,
g 3 — LIMESTONE (pelmicrita to packed skeletal paimi- §E
% eritel, light gray (N7) to greenith gray (EGY 6/1), Graded @ SMEAR SLIDE SUMMARY [%1:
“3 bedding with parallel laminations st 4048 cm, manive 1.2 1.3 L8 104
otherwisa, Thin section (48 cm) has 15-20% silicified M M D D
racliolaria, 10% shall fragments, and 2% echinoderm plates Texture:
In pelmicrite, sitt 0 3 W W
Clay 80 87 B0 83
SMEAR SLIDE SUMMARY (%): Composition:
1,28 1,43 1,87 1,90 Cusrtz " a3 -
Do o o Faldspar - - -
Tescture: Mics 1 1 2 s
Sand = - = 1 Haavy mingrais - - 1 =
Silt w3 17 2 Clay 8 & & 40
Clay B6 97 83 76 Pyrite 3 2 3 -
Campasition: Carbonate unspec. 1 - 2 66
Quarntz - = B/ = Cale, nannolossils - 1 - 4
Feldspar - - z - Fabolarians n o9 W -
Mics g b 1 - Fith remains 1 1 1 -
Heavy mineral - - 1 - Plant debris 2 1 2 -
8 12 B 4
Pyrita - - 2z 8
Carbonate unspec. 8 758 4
Calc. nannofossils 3 13 A -
Rodialarian - - - 4
Flsh remaing - - 1 -
Flant debris - 3 2 -3
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SITE 534 HOLE A CORE 122 CORED INTERVAL 1590.0—1594.0 m SITE 534
g FOBEIL HOLE A CORE 123 COREDINTERVAL  1504.0-16035m
é z CHARACTER ; i FOSSIL
HARACTER
MO E z ¥ |2
w
7:25:@3! 8| £ | onarmic R EMBEBE z| @
HEHHHERH R LITHOLOGIC DESCRIPTION E ER HHEIR N E
£ £°13 il gl ¢ g o LZ ;é H 2|5 |5|E LITHOLOGIE DESCRIPTION
AHHH: T S HHE R
= |2|2|2]5 FEE "8 (3|53 2;
= I = BN |3 u, = |5
1
1
_ L — ] INTERBEDDED MARLY LIMESTONE y
|8 s |ﬁ ‘ L ANETONE T INTERBEDDED MARLY LIMESTONE
g i ¥ sl 1 — MARLY LIMESTONE (pelietal micrite 10 bioclastic 3 By £ SALGAABOUS SIL T IL AVIIONE
] Ap =, olive gray (5Y 6/1-5Y 4/1). Basal 1 ==
% D% Vi = an 11-8 em) part of bads is often a laminsted silty carbonate H NE Vo MARLY LIMESTONK ol mieritn b pRbowlig,
S -E = which gradas up 1o the finer-grained mossive main part of 2 fe A paill olive. grey (EY AP11; mamive, oftn with & graded st
£ 1+ the bed, Chondrites occur throughout, but upper part 5 18 oy 7 b ioetoa el el s b o]
] TS| af bed in contact with claysiane hai mare bicturbation. | 2 [z commonly graded upward into claystone. Thin section
5 g v A Dersity of pelles and hioclasts {palagic hivalva shells, o L 3 {Section 4, 24 cm) is sparsely bioclatic with fine bivalve
b T z‘.;""h':‘d“« .::;un:... n'nt,hl:'ul'unmlnll;::l ml;m > e shells, pyritized raiolarians, snd calcipherss, and has
calciapheres) awes in Pt e -
: é s bads, Thickness of beds ranges from 1035 em. : i W palie et
= - e ooy i e coman B e 5 = 2 — CALCAREQUS SILTY CLAYSTONE. often carbans-
g 2 s - ] e w-"'lss‘s‘:'“c 372}, madium bhih gray (58 1), .‘; £ g Ao T c‘uuul, alive black (5Y 2/1) with dusky yallowish green
E " e, . it vy 15 4711, with st seroaks of H o 110GY 3/2) and brownish biack (BYR 2/1) layers; lami:
%) greanish bisck (5G 3/1); laminated o banded, Inte od 3 2 nated 10 intensely biaturbated and momied. Derker color
3. 1 1 by ng?:?‘?m“ CLAYEY S'L'ﬂm‘z dark nmmmm S o 1 “:.'." Im.a ‘olseoru. Contains pericdic lenses or bands of
5 e . gray [5G  pecurs ax bands or lenses within claystons radiolarian w1 Smesr slides hive 25% quarta and mica sift
L] levels with 310 cm _repetition [ntsrval bevween thin 5 E #nd 15-20% nannolosmils, Dasker eoies oo mare biotus.
= {0.5-1.0 em) layors. Thin sections show radiolaria o be bated.
EAR SLIDE sum‘.R;‘m;: s llla.l by quarte or :H.lsl";:‘mllfil is 1ame composition a L'_
. 3 .88 1,1121,1462,24 CcC 1,2 1,68 1,128 2,50 Lk 2 3 Mot beds dip 5107
b o 0 M o o TS T 15 N
" Section 1: 1 <
;’:‘"- 07 cen: wivy o1 contorted bedding in mediumgrain lims- ER mh"_‘d' "‘-5 A chmmion, gervien red JBR 4/2) %o vary
S = == o m = Fe= = vone, Thin section is 8 bioclsstic pelletal microsoar. ! i 1102, e A Db g S0
1] -] 2 0 85 - 1w 23 145 om: claystone, grayith black [N2] laminated, I H
Clay o5 b § . posal- "
Componiion: % 93 50 %5 %8 70 M 00 g0 g7 bickbonceu demmick 3 T SMEAR SLIDE SUNMARY [):
podi o s s s 6 1 2 2 i i iriatiane dip o185 1 1,13 1,85 1,82 1,062,325 2,68 3,27 4,24
o - - X M M D D M M M TS
m:'“ ; - - - = = o - - Thin Section [Section 2, 70 em) of claystone containg 2 & Textyre:
= - 1 - - - - 1 1 sand-sized phosphate concretion with concentric laming- B =t Sand - -
Heavy minerais = =& =, & = % - - TR TR tions, and ocemionsl pyrite-replaced radiolaria, HE e =2 30 5 ! Lo E R
Clay 0 20 a6 44 BS 25 2 8 BN T a4 "" Di: = : b 4 = 79 s o
Velcanie glass - == = = U = xS =S Zdlre| oo b Y 85 980 98 9 0 6 50
Pyrita - = = = - - 11 5 3 £ I gz
Carbonste anspee. 74 80 3 - a7 1 70 & 2 4 E m g::m':. ¥ : b R .
Cale. nannofasils 5 = = = S EE o g 5 l . - = - = - TR WM -
pirsesmabion g = 2 - = % o = @ 4 I Mica = 2 3 TRt 1 oW -
hmtigiind .z = 5 2 z = - * - F4 B T8, Heavy minarals - - TR TR - TR TR -
Plant debris 1 - - T 3 - 3 - - Z 2 T Gy W 45 73 40 W B3 45 12
Cther a = 3 = = L 7 - wE Glauconite 3 - a - o - ¥ kt
5 5 o fa v Pyrite =" uE W
A - 2 1
mlam |ap cC t Caborateurspec. 20 5 2 B 2 2 W0 -
Faraminifers =l mE R mE B T R
Cale. nannofossily % a5 0 TR L] B 17 18
RAadiatarians - - = Lo 48 s, - =
Fish remains. 3 - - - - - - =
Plant debeis 3 - 7 2 - 1 2 -
Other - 1 1 - - - - 5
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SITE 634 HOLE A CORE 124 CORED INTERVAL  1603.5-16125m SITE HOLE A GORE 125 COREDINTERVAL _ 1612.5-16215m
g FOSSIL 2 FOSSIL
= g CHARACTER & ; CHARACTER
a3 |= AE z| w = —
x- |25 = 15 GRAPHIC Bulg] 2 E1N
i E % g 5| E | wrhoway |, 3 HITHOLOGIC DEACRIFTION %';' EHEE g 5 |5 E | crhotoay LITHOLOGIC DESCRIPTION
£7E |5 FREE EE S HHHEREE
= = -
EAHHH" ] T e Jal3lE
EHEIERED & H ; Ea
R, -‘-___: =T
/ — ——a
Fo . I MARLY L and o lasl s MANNFOOSSIL CLAYSTOMNES with INTERBEDDED MARLY LIMESTONE
1|0 7 NANNOFOSSIL CLAYSTONE o '2 1 = NANNOFOSSIL CLAYSTONE 10 CARBONACEDUS NANNOFOSSIL CLAY-
& s ; - sng‘NE‘ e dmﬂnmrlsu? 21 o ﬂlhl M.Tk lE;I‘h’:l pfndolm-’mh I‘.uinlnl!ld,
= M sually has Tt i
cm / TS | = MARLY LIMESTONE (palletal micrita), olive pray 1 el plant m,m et '“‘"‘*h"d : I_“‘d“"'_
g fg B 15Y 4/1) to madium gray (NS} to light olive gray {5 B/1); :‘l.:, ;Nr-u T i cammanly with greded appearance. ant black Esminme.
= 1 mamive 1o vaguely leminated, commanly with chondrite 1 =42 — MNNDFCESIL CUVSTI’-‘INE mﬂlﬂlﬂ!ll‘ ﬂ'ﬁm gray [5G 471 with
‘§ cel = & burrows, Base of beds are usually coarsely laminated with A [142 streaks and wslél-ﬁ; graylsh blue green (SBG 5/2) ¥ yreen [5G 372), prd
= & lEm|em ¥ graning upward saquence camman; commanly have contor- 5 i"\f“:‘:d i wank b S dllm'l"uw‘ sreaky texture. Containg dark gray
_z_% ted baal laminations. Middie portion of bets commonly = Theese claystones contain thin interbeds of:
H have bands of aightly ditferset grainaize or color. Thin 3 - MARLY nm:nu\mm SILTSTOME, dark gresnish gray lsq* 4/1) 1o greanish
g Section {Section 1, 40 em) has 40% pellets {0.06-0.1 m), black [BGY 2/1); cccurs as thin 0.5—1,0 ¢m) bands of lenses with sharm contacts.
£ 10% fine bivalve shells, and rare pyritized radiolaria and Abourt :oAu oth Tevee i coee, Comains ibout 40-B0% radialarant
. phosphate debris. z—u - HARLY LIMESTONE {pelmicrite to micrite |minge |||nn|w|-1l greenish 4
5 “ Cm, (EGY 6/1) to olive pray [5Y &/1); mamsive to faintly laminated ut base, atten
] 2 — NANNOFOSSIL CLAYSTONE, gresniah biack (56 : 2 Eih Wk, Occiiar] fibnite, buivom Genieilly Sontinleg. vt e
v 2/2) to bisck (M1} with dark groemish gray (SGY 4/1) 1 Siumping with shear planes and contorted o loided beds in Section 4, 83-97 cm;
taminae [espocially rear limastons contsct Laminated a m:" ‘%ﬂmm JPDniN\r base of Section 6, Soft sediment deformation
u_u:h flakes of plent debris. Rave stringers of rodiolaran ZW";"" e plivy Trraliias | U6 o okigh oF qrmmn.lwuml in Sios
wir, L . tian 4, 6268 cm [very small clasts); Section 5, 4652 em; and Ssction 6, G371 cm.
Thin Section of layer a1 Section 4, B8 em has phosphate gralne {sndsized, concen-
wie laminatiorsl, glauconits, Fe-oxide, pyriti adialsrians, micrite pellets, and
Bamal contacts of limestons to claystone are usually sharp; 1 rare m:n':n m:ll Tragmants within the claystone cl rﬂtwlaml'ru;:n“
i Thi tion {Section 8, 72 em) of black claystone (lithology pyrite or
Sppar-cotitbots din'be ghedutiomel. nw::‘llud Iudrvhn-\ m-menu 5‘: quartz :.1.!' mica, rare foraminifers, fine bivatve
" =3 4 sheils, phosphatic debris, and a pl upuu concretion in @ calcarous claystons matrix
Section 1: & 3 with omganic mmrm wndl pyrite and Fe-oxide.
10-15 em: nannofoseil claystone bed, olive black [5Y g Cm . Beds tfip 516",
21) with upward fining grading, abundant plant debieis, 2 i SMEAR SLIDE SUMMARY (%)
and burrows at top. Contains glauconite and phosphate. a ' 1.4 1,45 1,102,271 367 4.4
2 IH M o D o o
Core-Catcher: g sy ;‘:}“‘" 5 .
44-57 cm; drifling breccia. x S Clay T @ - I @ ow
L &m i Compasition
SMEAR SLIDE SUMMARY (%]: = - 1 ] - 1 2
1.39 = Mica - 1 3 - - 2
5 B Hoavy minersls - 1 1 - - TR
; a Clay ® 30 & & 5 8
Texture: Pyrite 3 - 2 2 - 2
Silt 50 Carbongts uripec. o -] 2 5 T4 B
Clay 50 Calc. nannofossil 0 5 W B 1w
Compasition: Rasfiolarians @ - - - 3 3
Quiastr 1 Fish remaing - - - | -
- 2 - 1 5
Clay 0 Gucatiewy | s debris 2 £ g9 s =
| Pyrite 1
Cale. nannofosils 683 Cm| 4,124 5,50 1,45 4.6 8.3
[ Other 5 D M TEMTS T§
Texture:
Silt - 15 5 6
5 o - - 95 %
Campatition
T 2 2 1 4 4
Mica 3 8 = 1 1
Heavy mineraly - - - TR -
= 2y 52 8 2% 8 66
= Glauconim 1 - - 1 -
B Pyrita 3 L 4 5
5 Carbonats urspec. 5 - 74 10 2
Rp fosily 15 3 - "
] D - - - - TR
g B Radialation. 5 - - v TR
g. Fish remains - 2 1 TR
Plant debris 4 1 - -
. | Ap| Em| Ag
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534 HOLE A CORE__ 126 CORED INTERVAL 1621.5-1630.5 m SITE HOLE A _CORE 127 CORED INTERVAL 1630.5—1639.5 m
2 FOSSIL 2 FOSSIL
- ; CHARACTER . ; CHARACTER
8 |zula]2 z|le 8 |zule[3 z| e
e 0¥ E 5 ol = GRAPHIC o e |22]25]| ; ol = GRAPHIC
|2 HEE z g 5| & | urHoloay g HITHOLOGIC DESCRIPTION 15|32 EH E E|E | crorogy LITHDLOGIC DESCRIPTION
e EHEHEEREE $FE EERHHEE: R
Fo|g é 5|22 EZE & ; ] § E |99
& |2]z|3 |5 E 5| & |2 HIES
g
s
——rs CARBONACEOQUS CLAYSTONE to NANNOFOSSIL CLAYSTONE averlying BASALT
= gk% s NANNOFOSSIL CLAYSTONE =
= i ¢ s P T = Ce M 1 - NANNOFOSSIL CLAYSTONE imajor lithologyl,
:E 1 s 1 — CARBONACEQUS CLAYSTONE 1o NANNOFOSSIL g 1 grayish beown (SYR 372) to dusky brown [5YR 2/7] with
am| | m.f CLAYSTONE, greenish bisck (5G 2/1) to eilve black soma levels ol grayien olive green (EGY 3/2) 1o grayish
£ 1 ool (BY 2/1) with dark greenish grary (5G 4/1); finaly laminated green (10G 4/2]; massive 19 irtegulsr laminsted, Gontains
in general, but massive or with greded texture in many [ woveral raciclarian snd lonses or bands of 0610 em
3 lsends. Several bands hve intraclasts of small platy elangate 2 thickness of greenish gray. White flattened specks (fine
k greenish claystone, often grading upward; intraclasts sre shalis?) common In Sections 3 and 4; can form lamine:
wsslly <2 mm, Abundant specks and Hlekes of plant de- ~ tions, Some levels contain plant detsis
beis. Radiolarian siftsione layers (1 mm—1 om thickness) v
re presant, commonly partially replsced by pyrite, Scat- EX 2 - NANNOFOSSIL CLAYSTONE ta MARLY LIME.
tored radiolerians or pyrim grains (replaced radiolarians STONE, grayish green (10GY 5(2), alive black (BY 2/1),
2 or plant debwis?). Smear dides of claystone have varisble z 2 and dark greenish gray (SGY 4/1); laminated snd partially
(10-26%] nannafosll and calearnous fine sift content. 3 A carbonacenus.
b Intraciasts of gresnish claystore have 30—40% nanno- =
fossils. 8 Gn Saveral beds af both claysone types contain small (1-2
& =3 ' mm] intraciasts of clayitone,
] Section 3: k-l
B 75134 cm: celareous claystone, varegated graylh red E Section 1, 110 cm—Sectian 2, 4 em: 7ons of large (up 1o
a (R 472), dusky red (BR 3/4], olive block [5GY 4/1), B 3 em] Hattened claystone clasts of greentsh. grayish, and
Y arel gresnish gray (6G 4/1), Textures similar to major T!T recidinh gray shades.
3 lithalogy. H
£ ~ F = Bedding inclinations of 10-20°,
a3 Section 4: 3 [
Cm 85 om-Core-Catcher, base: nannofonll cleysions, dark Core-Catchur:
groanish geay (G 4/1) 1o wery dusky red {10R 2/2) o ' 10-20 em: bawh, grayish black INZ) with white feldipar
greenish black [5G 2/1), Textures similar ta major Hithol- laths and filied vesicles. Thin section ha variolitic feldspar
ogy, but reduced organic matter content, . iy texture.
Siumping with shear planes and contorted bedding at Cy 4 1 SMEAR SLIDE SUMMARY {%):
srvoral levels. 118 2,28 2,100 3,42
cmcm |Fp cc B M o D D
Z Saction 3: Texturs:
BO-97 cm: zone with large Mattened intraclests of clay- Sand 50 -
E Cm 4 stone up o 3 cm in kength. Siit 10 6§ 10 15
Ciay 40 95 80 65
g o Badding dips 10-15", some possibie current ripples. Composition:
Cusrez 3 2 4 3
; SMEAR SLIDE SUMMARY [%): Fudapte ¥ ol i o
a Cp 1,84 2,17 3,27 4,50 4,100 Mica 1 1 1 2
Fplam|ag o ] o D o Heavy mineral - TR TR -
Toxture: Clay 3 58 70 65
Sand 1 1 1 1 - Pyrite . 1 - 1
Silt 1 L] 2 2 3 Carbonate umpec. 5 2 2 3
Clay &8 B3 a7 ar a7 Cale. nannofosily 18 a5 20 %
Compasition: Radialariang 50 - - -
Clunrtz 4 5 - 1 1 Phant debris 1 1 2 1
Feidspar 1 1 1 - 2 Other = = 1 -
Mics T - - 1
Heavy minerais - = 1 TR
Clay B0 565 55 @9 63
Volcanic glau = ™ - - -
Palagonite 1 1 1 - 1
Pyrite - 2 - - -
Zealite == s = 1
Carbonate unepec. B a - B ]
Cale. nannatossils 5 30 40 20 5
Racdiolarisns - - 1 - -
Plant debeis 5 4 1 4 1
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76-534A128 Deapth: 1639 5—1648.5 m

SECTION 1:

BASALT: dark gray (N3} with black speckles [claystone opagques?l snd medimsm dark gray [N4) amygduled (eir-
cular), both about 1 mm in dismeter, fine grained (<1 mm), aphyric, snd sparsely 10 moderately vesicular (ganer-
ally Infiliad), Camemon calcite veins, up 1o 2 mm acrass. Comman greenish black [5GY 2/1) to dark greenish gray
(5G 4/1) siterstion product along fractures and with celcite in veing, sometimes moderate yellowish beown
[10YR E/4). Thin pyrite films commaon alang some fractures.

GLASSY BASALT: grayish black (N2} to greenish bisck [EGY 2/1) dapanding on extent af alteration, aghyric,
and very fine grained(7), Oceurs s thin (up 10 2 cm) thick layers apparently on margins of coaling units —eg.,
75 and 131 em {reversa side of Piece 10),

CALCAREOUS CLAYSTONE: dark reddlsh brown (108 3/4] 78=77, and 789-81 cm [Pieces 5 [part] and 6L
Containg Irregulas fragmants(?) of glomy basalt <2 om across, sspecially in Piece §, where thers is a calcite mas
11 x 2 em) grayish blue gresn (586G 3/2) In color.

PIECES 2A, B, C: more amygdaloidal than rest of cose section. Top 1 em of Plece 2A, finer grained and less veti-
cular {possible chilled masgin,

SECTION 2:

BASALT: identicsl 1o Section 1, Black infilled vesicles sppear to be more sbundent in the vieinity of frectures,
Top of Piece 14: 5 mem glessy basalt underisin by 5 mm finar grained non-vesleular basalt.
Top of Piece 8: 1 cm glassy bagalt underiain by 5 mm finer grained non.vesicular basalt.

SECTION 3:

BASALT: aphyric, dark gray (N3} with scattered vesicles fitled with dark green smectite(7), Moderately fractured
with some calcite-vaing {with soma green smectite? mixed). Very similar to basalt in Ssction 1 and 2. Vesicles
gray mixturs of calcite snd smoctite (altored glasa?] and yellowish palagonitel 7).

CLAYEY LIMESTONE (limey claystone?): Piece 10 and the top part of Piece 11 is reddish brown clayey lime-
stone, masive, and no sediment structurss. Plece 11 (top part) is reddish brown clayey limestone with several
white calcite weins, Large, horizantal esleite vein occurs approximately halfway down tample. Calcite in vein
is fibrous (texture perpandicular 1o vein), Smafl calcite-weined basalt fragments in limestone just sbove vein.
Basalt belove vin i aphyric and black.

SECTION 4:

BASALT: aphyric, dark gray (M3), vesicular, moderately altered with scattered fractures and caleite-filled (plus
smactite?) weins ar marked. Vasicles arn emall (~0.5—1.0 mm| and many ars filled with dark gresn smectite({7]
and white celcite. Pisce 24 hat one side with calcite-filled vesicles and the othar with smectite-filled vesicles,
Several small pyrite erystals in Piece 1E. Glasy margins on beck sides of Pisces 3 and 4. Clay-filled vesicles
appear to ocour arourd velns. Grain size appesrs 1o coarsen from 1op of Plece 1A to about 16 cm, then unifarms.
betow, Plece 1A and top of 18 appesr (o be mote Fine-grained than rest of section.

SECTION 5:

BASALT: dark groy (N3} aphyric, wesicular with vesicules partly filled with dark grean smectite(?), Calcite and
smactite veins common o marked, Glassy marging [altered 1o elayh in Fieces 28 and 4 mark boundaries of cooling

£€6T

units. Top of Piece 4 & chilled. Piece B contains 3 pleco of basalt surounded an ane side by mixed calcite and

b T I T R Y

Z)

AT RS T8

. = A yollowish brown palagonitel 7). Guter coating of quartz on one side of sample with cacite layer just batow, See

1 g'{’ﬂ 4 E— = e Basalt

j \_K..;.;_- e @ I % 1 Quar
L ﬁ ™~ ‘_ ot r i Coarse-graned )

I ! @ $ /§ rp-g‘ Iy V1 E E - Calcite Mixed ealcitn/palagonite

i 7 m i m LE L L L | Wl B _‘“ LIMESTONE: smull pisce of reddish limastone in rubtle of Pice 3.
150— - - |
CORE/SECTION 12811 128/2 128/3 128/4 128/5
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76-534A-129

SECTION 1:

BASALT: daek gray [N3), aphyric with scattared vesiclas fillad with white calcite and dark groan smactitel 7). Ves
cles are longer #nd more Mumaross in Pieces 4 through 78. Caleite- end wmectitel?)-filled veins are common (s
marked], Fibrous caleite grows perpendicular 1o fractures in some cases. Piece 1 i aphanitic and highty sltered
(ol vesicles filled), One turface hat a0 outer coating of spharnulitic [botryaidal) quart: overlying green cliys
then a thin discontinaus while calcite layer over altered basalt. Sas drawing:

Cuianiz
Smactite(?)
0; %s o Calcite
(=}
Vesicular bualt

Pisces 3 and poulbly 7 have glassy morgine.

CLAYEY LIMESTONE: reddish beown, wilceows? aphanitic/massive with no obwious sedimantary snsctire
[Pieces 13 and 14], Pisce 13 shows a sharp contact batween claystone end basalt s shown below:

= Siliceous vesicular, allered, aphyric
basalt {attered glass?]

Zone of palagonati zed(T) fragmants
Sharp, black contact

Lighter colared limestone

SECTION 2:

VESICULAR BASALT: fino-grained, altered Vesiclos about 0.1 mm #t top of secticn,
pradually increming 1o sbout | mm in dameter. Plece VA containg several fractures which mary hieve baen infilled
with red metalliferrous seciment, with guartz veine in the battom hall intermingling with the sedimant in the
middle. Pieces 18~1F are brecciated basalt fragments in @ matrix of hydratharmal quartz and calcite. Gresnish
color possible smectite. Pisce 24 appears 1o be capped by glassy basalt with an altered zone below, Piece 28
is & fractured basalt, Picces 3A and 38 contsin quartz infilied with hydrothermal calcite. Piece 3C i o basalt
[fractured]} capped by an sltered zons of guartz, red sedimentl?) and calcite, Remainder of tection b fractured
wesicular basalt; Piece 8 containg hydrotharmsl quartz.

SECTION 3:

BASALT: sphyric, vesitular, dack gray (N3], with scannred calelts veina, Smectitefilled fractures are less common,
Grain slze appears uniform throughout except in Pieces B and 8 whare basslt appears finer grained near glassy
(altered] marping. Vesiches filled with green smoctite(?) ardd some calcite. Brownish cloy[?) mixed with coleite
i vome veins, Piece § it highly aitered 1o calcits ared smectite. Plece 8 hat glassy manging on 1 sides with a sinuous
partern of aphyric basalt inbetween; imense calcite and smectite(T) storstion of outside edges of glas. Fragmants
comprizing Piece D have glasyy marging, several dark glassy(7) bands, and calcite/smectite alteration.

SECTION 4:

VESICULAR BASALT: moderatly altersd with frequent fracturing, sometimes fillsd with hydrothormal quartz
and palagonite. Piece 24 (s quartz (lled sbout hall its length, graduslly changing to a guartz/palagonite sein.
Some of thy vesicles ane baginning 1o be filled with calcite. Plece 28 containg basalt with s palsgonite/gusnz.
wain, some of the sltered zone being slso compossd of palagonite, In the top half, the vesicles are mostly calcite
fitled. Pioce 2C it similar; hawever, 20 is typified by a distinet loss of vesicles. Piscas 2A and C contain vesicles
of 1 mm disnwater whoreas the size and fraquency diminish vary rapidiy. In the middle of Pisce 20 the vesicls
are sgain present, but less numerous, Thesr size range b aboat 1-2 men. This trend continues until Piece 38 where
wvesdcles are again numorous.

SECTION 5:

VESICULAR BASALT: moderately altered with froguent fractures, mostly filled with hydrothermal quanz.
Places in 1 are glassy basalt. Plece 2 has » glassy top; some calcitic vericles present. The remainder of the section
& fairly similar with about a BO:50 ratio of gless and caleite-filled vesicles. Piece 7 contasns 100% caicite vesicles.

Depth: 1648 5—1657.5 m
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76:534A-130 Depth: 1657.5-1666.5 m

SECTION 1:

BASALT: dark gray (N3} sphyric and vesicular, Vesicles 0,1-1,0 mm dismeter, usunlly filled with dark mineral
{cedadanite, smectitel), shout 30% filled with calcite imors locally ot Pieces 7 and 8], & fow filled with pyrite
or calcedony, Genavally graim are two small 10 see bist plagicclass laths >1 mm are apparent in Pieces 2, 3, and 4,
Fractures are occasionally filled with calcite in Pieces 6 and 7, others may be fillsd with celadonite or clay.
Altgration rims apparent only in Place 8. Pyrite scattered along fractures.

Chilled margins at 0, 88, and 143 cm are very narrow (3-6 mm| and have losit most of glassy luster. Margin
at 143 em is highty fractured and may ba altoration zome.
Possible chilled margin at 78 cm.

SECTION 2:

BASALT: dark groy (N3] aphyric and vasicular, Vasicles 0.1—1,0 mm diameter usaally illsd with dark (N1) min
eral possitdy eeladonite or wmectite, about 30% filled with calcite, a few with quanz and pyrite. Plagloclus
Inths usually large enough to be seen by ey, 0510 mm, Fractures se filied with white [ND] calcite, clear
quartz, black [N1) andior fight ofive brawn [5Y 5/8] minsrsl, Altsration rims are narrow, et than 2 mm, light
beawn (BYR 5/8) to dark yaflowish arange |10YR 6/6] in color,

Chilled margen 01 90 em (1op of Piece 6], very narrow, snd presarved anly a1 top of pisce,
Glatay vein at 80 snd 40 om [abliquel,

SECTION 3:
BASALT: as describud in previous 2 sections, Chilled margin at top of Piece 2.

Biack infilled and light gray infilled vesicles show antipathetic distribution, formaer closar to fractures.
SECTION 4:
BASALT: s in previous 3 sactions. Very dense, chilled margins(?) in top of Pisce 3 and top of Pisce 7. Meither is

sy,

Margin st top Piece 38 may be a vein/fracture.
SECTION 5:
BASALT: msin pravious 4 mctions. Chilled glassy margin sxhitived st 1op of Pisces 14, 4,5, and 8

Piece 7 ditfers in having no vesicles, il wlass, wery L

May be a holohyaline or hypocrystaline basalt,
Puece 7 contains glassy fragments.

grained with o
SECTION 6:

APHYRIC BASALT: with clay- and calcite-filled vugn. Pousibls glstsy marging a1 base of Piece 1A and top of Piece
1B. Calcite veins sparse in Piece 18, Pieces in this section are atherwise
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